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ABSTRACT

This report examines factors affecting the demand for ethanol as a motor fud, both as a blendstock or
asanedt fud. Asablendstock, the demand for ethanol is determined by its value to the refiner; asa
neet fud, the demand is determined by its competitiveness with other fuels. The factors consdered in
this report include the chemical and physica properties of ethanol, gasoline prices, federal and Sate tax
incentives, federd and state oxygen-content and emission requirements, greenhouse gas (GHG)
benefits, and infrastructure barriers.

Ethanol used in low-leve blendsis vauable because of its oxygenate and octane-enhancement
properties. In optimized blending, the vaue of ethanal is further increased because it can displace some
of the more costly components of gasoline. On the down sde, low-leve ethanol blends have an
increased Reid vapor pressure (RVP) and may cause adight rise in nitrous oxide emissions. The Oak
Ridge Nationd Laboratory Refinery Yield Modd (ORNL-RY M) was used to determine the optimal
vaue of ethanal to the refinery and to derive an ethanol demand curve.

The vaue of neat ethanal reative to gasoline is computed by cdculaing the cost of each fud to drive
the same distance. The penetration of neat ethanol into the marketplace is dependent on additiona
infrastructure devel opment, such as vehicle and retail fuding availability, and the report discusses these
requirements. The paper aso examines infrasiructure issues that affect ethanol used in both blends and
as anedt fud, including problems associated with shipping ethanol in common-carrier pipeines and
additional storage and handling procedures needed to guard against water incursion.

The report reviews the current federal and state tax incentives for ethanol, including the federa excise
tax exemptions and income tax credits, and characterizes the actua cost of the incentives to the
government. The ethanol incentives have both an energy and afarming congtituency, and the
relationship to farm support programsis discussed. The report aso discusses the federd incentives for
dternative fueled vehicles (AFVs), including the income tax deductions and CAFE credits.

Because cdlulosic ethanol has the greatest GHG benefits of dl the dternative fuelsidentified in EPACT
and the CAAA, it could play an important role in helping the nation reduce anthropogenic carbon
emissons. GHG benefits are currently an externdity, but government policies may be introduced to
promote reductions in carbon emissions. The report examines the range of mechanisms by which the
GHG benefits could be interndized.



EXECUTIVE SUMMARY

Purpose and Overview

The purpose of thisreport isto review issues relating to ethanol demand as amotor fuel. The results
reported here are intended to support the U.S. Department of Energy's (DOE) Analysis of Market
Potentia and Benefits of Cellulosic Ethanol, spearheaded by the Office of Fuels Development (OFD).
The cdlulosic ethanol program is one part of anationa energy strategy developed in response to the
mandates and goals of the Energy Policy Act of 1992 (EPACT) and other federd legidation. These
actsdirected DOE to promote the development of both renewable, aternative transportation fuels that
could provide environmenta benefits and help reduce the nation's dependence on imported petroleum.

Ethanol can be used as a blendstock or as anest fud, and the demand for ethanol in both these fue
typesisexamined. Currently, dmos dl fud ethanal in the United States is used as a blendstock in low-
levd ethanol blends. The economic and market analyses for blendstock and neet fuels are quite
different and are discussed separately.

Legidation

Severd key legidative initiatives affect the demand for ethanol. The most important of these are the
Federd excise tax exemptions and income tax credits, which are currently equivaent to 54 cents per
galon of ethanol. Some States, primarily the ethanol producing states in the Midwest, provide ethanol
tax incentives ranging from 10 to 20 cents per gdlon. The tax incentives are essentid to the current
corn-based ethanal industry and will dso be indispensable to the evolving cdllulosic ethanol indudtry.
Stability of the tax incentives will play amgor rolein ethanol plant investment decisons.

The cogt of the tax incentives to the government can be divided into two categories: (1) the impact on
tax revenues from afiscal tax policy point of view which assumes GDP remains fixed and (2) the taxes
on additiond taxable income generated from producing ethanal, i.e., from an increase in GDP.

With respect to the firgt category, the nomind ethanol incentives, i.e, for the Federd excise tax
exemption and income tax credit, overstates the change in total government tax receipts or the actua
cost of the incentive to the government for two reasons. Firg, IRS regulations effectively treat the
ethanal incentive as gross revenue, which is taxed at the taxpayer's margina tax. Second, liquid motor
fuel taxes are assessed volumetricdly, but ethanol has only about two-thirds of the energy content of
gasoline for an equal volume, or about 50 percent more ethanol compared to gasoline is required to
travel agiven distance. A recent andysis of the ethanol tax incentives estimated that the actua cost to
the Federd government of the 54 cent per gallon ethanol tax incentivesis 34 cents per gdlon'. The

!David Andress, Ethanol Tax Incentives and Issues, David Andress & Associates, Inc., April 1998
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study aso estimated that the actua decrease to federd and Sate tax revenues due to the combined
federa and state tax incentives was about 50 percent of the incentive level.

The second category dedls how the ethanol incentives increase GDP. Severa factors are involved

here. The ethanal industry creates additiond jobs not only in the ethanol industry itsdf but dso from the
economic multiplier effect. Ethanol aso displaces some foreign source oil and/or methyl tertiary butyl
ether (MTBE), which will add to domestic taxable recel pts and improve the nation's trade balance.
Indirectly, ethanol may lower the price of oil or MTBE through decreased demand for these products.
Ethanol will increase the demand for agricultura products and consequently increase the prices farmers
receive.

The other mgjor Federa laws that have an impact on ethanol usage are the Energy Policy Act of 1992
(EPACT) and the Clean Air Act Amendments (CAAA). EPACT established requirements for
dternative fuded vehicles (AFVs) and set petroleum reduction targets. Neat ethanol is one of the
dterndive fuds recognized by EPACT and will compete with other dternative fuels in meeting EPACT
goas. The CAAA st requirements for clean dternative fuels, mandated the use of oxygenated fuelsin
carbon monoxide non-attainment areas, and established guideline levels of criteria pollutants emitted
from vehicular fuels. Maost oxygen requirements today are satisfied with ethanol and MTBE, which
compete primarily on price. The CAAA dso grantsaone-ps RVP waiver for conventiond gasoline
with 10 percent ethanol. The RVP waiver does not apply to ethanol used in reformulated gasoline
(RFG), and this hindersits use in RFG.

Low-Leve Blends

The vdue of ethanol used in low-level blends is quite complex. As an octane enhancer, it displaces the
need for other highly toxic and potentialy carcinogenic octane enhancers such as benzene, toluene, and
xylene (BTX). Asan oxygenate, it reduces tailpipe carbon monoxide emissons. Itsinclusonasa
gasoline blendstock reduces tailpipe emisson levels of some of the criteria pollutants regulated by
EPA. In addition to BTX, ethanol can displace other costly components of gasoline when blended with
optimized subgrade gasoline stocks. On the down side, low-level ethanol blends have an increased
Reid vapor pressure (RVP), which is associated with increased evaporative emissions, and may cause
adight risein nitrous oxide emissons.

Scientists at Oak Ridge National Laboratory (ORNL) use the Refinery Yield Model (ORNL-RY M) to
determine the value of ethanal to the refinery?. ORNL-RYM, avery detailed linear-programming
representation of regiond petroleum refining, determines the minimum refinery cost for agiven set of
premises and congdraints, such asthe EPA pollutant emisson requirements. By sysematicaly varying
ethanol prices, ORNL scientists developed a demand curve for ethanol used in low-level blends that

Hadder, G.R., Draft Ethanol Demand in United States Gasoline Production, ORNL-6926, Ogk Ridge
National Laboratory, November 1998



Figure 1. Ethanol Demand Curvesfor U.S. Gasoline Production and Finishing in Y ears 2000 to 2025
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provides the quantity of ethanol demanded by the refinery a each pricelevel. The andysisincluded
ethanol used in ethyl tertiary butyl ether (ETBE). Figure 1 displays ethanol demand curves for the
years 2000 through 2025 in five year increments for the reference conditionsin DOE / Energy
Information Adminigtration's (EIA) annud energy forecast.

A magor finding of the ORNL andysis was that the ethanol demand was higher for conventiond
gasoline than for reformulated gasoline (RFG), because of RV P advantages for ethanol blended with
conventiond gasoline. Specificaly, conventiond gasoline containing 10 percent ethanal is granted aone
pound per square inch (ps) RVP waiver, which corresponds roughly to the RVP increase of a 10
percent ethanol blend. Because of concerns of ozone formation from evaporative emissions of voldile
organic compounds (VOC), EPA set VOC limits for summer RFG lower than those of conventiond
gasoline. RFG/ethanol blends are not granted an voldility waiver.

ORNL dso examined the volume of ethanol demanded at each price leve for severd sengtivity cases,
including higher ail prices and dternative EPA emission regulations. Sengtivity cases suggest that
ethanol demand could increase with specification changes for (lower) sulfur content, (higher) oxygen
content, (higher) VOC emissions, and (higher) octane number. Significant increases in ethanol demand
could occur for reduced sulfur gasoline and higher octane requirements. A VOC waiver for ethanol
used in RFG increases ethanol's attractiveness. Increasing the alowable oxygen limit in gasoline could
increase the demand for ethanol by up to 16 percent. Accounting for toxic air pollutants associated
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with methyl tertiary butyl ether MTBE in EPA's Complex Modd has virtudly no effect on ethanol
demand.

Neat Fuels

The economics of ethanol used as aneet fud are, in some ways, smpler than the economics of ethanol
used as ablendstock. The vaue of neat ethanol versus the vaue of gasoline can be easily computed by
caculating the cost of each fud to drive the same distance. Since ethanol has only about two-thirds of
the BTU content of gasoline on avolume bass, alarger quantity of ethanol is required to travel agiven
distance. Ethanol, however, can be more efficiently converted to energy than gasoline. The BTU
efficiency advantage for ethanol has been estimated at 5 to 12 percent, depending on the
characterigtics of the engine used.

The andytic results presented here show that ethanol is more vauable as a blendstock than as a negt
fud. Neat fudswill not be competitive until the price of ethanal, after any tax incentives, is about 70 to
85 percent the price of gasoline on avolume basis. At that point, the demand for low-leve ethanol
blendsisfarly saturated. In 2010, for example, the price of ethanol must be between 60 and 70 cents
(1996 doallars) per galon, depending on whether negt ethanol fuels are positioned to compete with
regular or premium gasoline. Ethanol's high octane content presents an opportunity to compete ethanol
with premium gasoline in the marketplace.

Some niche markets for neat ethanol will develop because of Federd and state laws mandating the use
of dternative fuesin certain flegts. However, any anadlyss of sgnificant market penetration of neat
ethanol fud must include the question of infrastructure availability. As opposed to low-leve ethanol
blends, which are interchangeable with gasoline, neat fuds entail atrangtion to an dternative fud type.
Currently, the digtribution infrastructure for neet ethanol fudsis very limited, and neet ethanol is only
available in ahandful of refuding outlets. Severd automobile manufactures offer flexible-fuded vehicles
(FFV) carsthat use either gasoline or neat ethanol fuels. The present selection islimited and the
vehicles have are optimized for neat ethanol fuels. However, as the experience with ethanol fudsin
Brazil has shown, automobile manufacturers can easily increase their offering of ethanol capable
vehicles, if consumer demand warranted it.

Transportation Logisticsand Infrastructure | ssues

Some transportation logistics and infragtructure barriers, primarily distribution and bulk storage, apply
to ethanol used as a blendstock or as aneat fud. Neat fuels require infrastructure additions for fuel
dispensing, especidly at theretail level and the availahility of vehicles that can use neet ethanol. The

magor infrastructure issues are listed below:

C Ethanol plants have to be located near feedstock sources.
C Ethanol cogts for transporting ethanol are more expengve than for gasoline. Thus,
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ethanal plant proximity to the end user isimportant until an dternative didribution
system, e.qg., dedicated pipelines, is developed for ethanal.

C A network of accessbleretal filling stations cagpable of digpensing neat ethanol must be
established.

C Vehicles that can use neat ethanol must be reedily available.

Ethanol's water solubility limitsits ability to be trangported in today's common carrier pipelines as weater
incursgon often occursin current operating environments. Water absorption by ethanol could cause
phase separation in gasoline ethanol blends leading to logigtic and driveshility problems. Ether blends,
such as ETBE, do not absorb water and are trangported in common carrier pipelinesin the same
manner as unblended gasoline. However, the production of ETBE involves additiond cogts that must
be offset by the economic benefits of its desirable properties, such as pipeline trangportability and lower
RVP blends.

Ethanol iswiddy used in Brazil both as a blending agent and as a nest fudl, showing that infrastructure
barriers can be overcome. Unlike the U.S,, Brazil does not have alarge indigenous oil supply, and the
Brazilian government adopted a nationd energy plan to promote ethanol usage. Brazilian ethanol
comes primarily from sugar cane. A vauable lesson learned from the Brazilian experience was that the
government had to adopt policiesinsuring an adequate supply of ethanol at reasonable prices. In doing
0, the Brazilian government had to ded with both crop yield fluctuations and changing sugar prices on
the world market.

Greenhouse Gases

Concern about of globa warming, the so-called greenhouse gas (GHG) effect caused by the release of
carbon from the combustion of fossil fuels, is currently atopic of enormous interest in the internationa
community. The Kyoto conference established a set of gods for reducing anthropogenic carbon
emissons. TheU.S. isin the process of developing a strategy to meet airborne carbon reduction gods,
and cellulosic-based dcohol fuds, because of their beneficid GHG properties, could play a prominent
role here. Recent scientific studies have shown that there is amodest reduction in net carbon emissions
from corn-based ethanol and a virtudly tota dimination of net carbon emissons from cellulosic-based
ethanol. For example, an analysis done at Argonne Nationa Laboratory for the year 2010 concluded
that the reductions in GHG emissons for cdlulosic ethanol rdative to gasoline ranged from about 92
percent for herbaceous biomass to 120 percent for woody biomass®. The GHG benefits from ethanol
were gpproximately the same whether the ethanol was used in gasohol (E10) or as anest fud (E85 and
E95).

SMichael Wang, Chris Saricks, Dan Santini, Fuel Cycle Energy and Greenhouse Gas Emission Effects of
Ethanol, Argonne National Laboratory, September 4, 1998
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As arough estimate, ethanol reduces vehicular carbon emissions compared with the gasoline (on an
energy equivalent basis) at the rate of 1.6 tonnes of carbon for each 1000 gallons of ethanol. Various
studies have suggested thet the value of aton of carbon avoided is approximately $55. Thistrandates
into a GHG benefit of about 9 cents per gdlon of ethanal.

At the current time, GHG benefits from cdllulosic ethanol are gtrictly an externdity. Neither the ethanal
producer nor the ethanol user faces any economic or regulatory incentives related to GHG emissions.
However, GHG benefits do influence government policy and funding decisons, such as dlocation of
R& D funds to improve renewable ethanol production technology and reduce costs. They may aso
play arolein determining ethanol and dternative vehicle tax incentives.

DOE has sponsored a number of studies to examine potentia gpproaches for meeting carbon emisson
gods in the trangportation sector. The studies considered various dternatives, such as enacting tax
incentives, imposing carbon taxes, and establishing prescribed carbon release limits through a regulatory
mechanism. The latter gpproach could be implemented via emissons trading program similar those
used in the dectricd generaion industry or regulating GHG emissons smilar to the current gpproach to
reducing mobile criteria pollutant emissons. Since the GHG benefits of cdllulosic ethanol are greater
than those of other dternative fuds, the impostion of carbon-related taxes or tax incentivesis more
favorable to ethanol. Nevertheless, price and infrastructure development will ultimately determine the
extent of ethanol penetration in the marketplace.

The Joint Implementation proposal introduced in the 1997 Kyoto Conference and advocated by the
U.S., encompasses a partnership between a developed nation and developing host country for projects
that reduce carbon emissions, such as renewable energy power plants, retrofits of existing plant and
equipment, and forest management projects. The contributing developed country would obtain carbon
reduction credits for contributing know-how, technology, and/or capital. Celulosic ethanol can provide
tremendous opportunitiesin thisarea. For resource-poor countries, cellulosic ethanol projects can
reduce a devel oping country's dependence on imported oil and provide domestic economic growth.
The partner country can regp the benefit of the GHG emissions credits. The opportunity for ethanol
production in some developing countries may be even greater than in the U.S,, because of high gasoline
prices in many developing countries.



1. INTRODUCTION

Background

As the nineteenth century came to a close, small quantities of biomass-based a cohols were used both
as afue source and for chemica feedstocks. Shortly thereafter, the discovery of abundant petroleum
reserves and the development of large, efficient refineries ushered in an eraof inexpensive ol and
relegated dcohol fuelsto aniche market. The U.S. enjoyed years of inexpensive gasoline and energy
indulgence until the 1970s Arab oil embargo, which underscored the nation's vulnerability to supply
disruptions and triggered steep increasesin petroleum prices. In response to public outcries about
energy security and gahility, the federd government formulated a nationa energy Strategy that
emphasized the need to diversfy the nation's energy sources and improve energy efficiency. Congress
envisoned that domestic, renewable fuel sources would play a key role in meeting this goa and enacted
gpecid tax incentives to simulate the production and use of biomass-derived ethanal.

By the mid 1980s, red oil prices had declined from their al-time highs and public concerns about
energy supply disruptions eased. While the long-term need to develop petroleum replacement products
remained, the near-term economic exigency for ethanol and other dternative fud sources diminished.
However, two developments created a renewed demand for a cohol-based fuelsin the late eighties: (1)
the banning of lead, a widdy-used additive for increasing gasoline octane levels, and (2) the continuing
deterioration in the nation's air qudity from vehicular emissons.  The properties of acohol fues and

a cohol-based ethers make them ideal candidates for addressing both these problems.

The 1990 Clean Air Act Amendment (CAAA) recognized the role that the clean fuels could play in
decreasing carbon-monoxide levels, improving air quality problems, and reducing ozone formation.
The CAAA requires that a gasoline sold in metropolitan areas with severe winter carbon monoxide
problems to have a minimum oxygen content and (b) summer gasoline in serious and extreme ozone
nonattainment areas to meet pecified emissons requirements. Alcohol-based fuels provide oxygen
and help reduce some vehicular toxic and particulate emissons.

Concern about of global warming, the so-called greenhouse gas (GHG) effect caused by the release of
carbon from the combustion of fossil fuels, is currently atopic of enormous interest in the internationa
community. The Kyoto conference established a set of goals for reducing anthropogenic carbon
emissons. The U.S. isin the process of developing a strategy to meet airborne carbon reduction gods,
and cdllulosic-based acohol fuels, because of their beneficid GHG properties, could play a prominent
role here. Recent scientific studies have indicated that there is a modest reduction in net carbon
emissons from corn-based ethanol and an dmogt total eimination of net carbon emissons from
cdlulosic-based ethanal.



Purpose and Overview

The purpose of this report isto review issues reating to ethanol demand as amotor fudl. The results
reported here are intended to support the U.S. Department of Energy's (DOE) Analyss of Market
Potentia and Benefits of Cellulosic Ethanol, spearheaded by the Office of Fuds Development (OFD).
The cdlulosic ethanol program is one part of a nationd energy strategy developed in response to the
mandates and goals of the Energy Policy Act of 1992 (EPACT) and other federal legidation. These
acts directed DOE to promote the development of both renewable, alternative transportation fuels that
could provide environmenta benefits and help reduce the nation's dependence on imported petroleum.

Ethanol can be used as a blendstock or as a neet fuel, and the demand for ethanol in both these fuel
typesisexamined. Currently, dmos dl fud ethanol in the United States is used as a blendstock in
low-level ethanol blends. The economic and market analysis for blendstock and neet fuels are quite
different and are discussed separately in Chapters 4 and 5.

The vdue of ethanol used in low-level blends is quite complex. Asan octane enhancer, it displaces the
need for other highly toxic and potentialy carcinogenic octane enhancers such as benzene, toluene, and
xylene (BTX). Asan oxygenae, it reduces vehicular carbon monoxide emissions. Itsincluson asa
gasoline blendstock reduces tailpipe emisson levels of some of the criteria pollutants regulated by
EPA. Inaddition to BTX, ethanol can displace other costly components of gasoline when blended with
optimized subgrade gasoline stocks. On the down side, low-level ethanol blends have an increased
Reid vapor pressure (RVP), which is associated with increased evaporative emissons, and may cause
adight risein nitrous oxide emissons.

Scientists at Oak Ridge National Laboratory (ORNL) use the Refinery Yield Model (ORNL-RY M) to
determine the vaue of ethanal to the refinery. RYM isavery detalled linear-programming
representation of the refinery process that determines the minimum refinery cost for a given set of
premises and condraints, such as EPA tailpipe emisson requirements. By systematicdly varying
ethanol prices, ORNL scientists developed a demand curve for ethanol used in low-level blends that
provides the quantity of ethanol demanded by the refinery at each price level. ORNL aso examined
the volume of ethanol demanded a each price leve for severd senstivity cases, including higher ol
prices and dternative EPA emission regulaions. A mgor finding of the ORNL andysis* was that the
ethanol demand was higher for conventiona gasoline than for reformulated gasoline (RFG), because
conventiona gasoline containing 10 percent ethanal is dlowed to have aRVP that is 1 pound per
square inch (ps) higher than the EPA celling for gasoline and other alcohol fud mixes. Furthermore,
RVP limits for summer RFG are lower than those of conventiond gasoline in order to limit volatile
organic compound (VOC) emissions that contribute to zone formation. RFG/ethanol blends are not
granted the RVP waiver.

“Hadder, G.R., Draft Ethanol Demand in United States Gasoline Production, ORNL-6926, Oak Ridge
National Laboratory, November 1998



The ORNL andysislooked at the use of both ethanol and ethyl tertiary butyl ether (ETBE). ETBEisa
chemica compound produced by reacting ethanol and isobutylene (a petroleum-derived by-product of
the refining process). ETBE has severd physical characteristics that make it amore desirable
blendstock than ethanal: (1) low-level ETBE blends have reduced RVPsand (2) ETBE islesswater
soluble than ethanol. Because ethanal is highly water soluble, ethanol blends, unlike ETBE blends,
cannot be shipped in existing gasoline pipelines without first purging them of water. This reduces
transportation costs of ETBE blends relative to ethanol blends and eiminates the need for splash
blending with a subgrade gasoline. However, the production of ETBE involves additiond costs which
must be offset by the economic benefits of its desirable properties.

EPA regulates the dlowable oxygen content of gasoline. Currently, EPA imposes an oxygen content
limit of 3.5 weight-percent for ethanol used in low-level gasoline blends and a 2.7 weight percent for
ethersusad in gasoline blends. Thisis roughly equivaent to a 10 percent ethanol content by volume for
graight ethanol and a 7.7 percent ethanol content for ETBE.

In one sense, the economics of ethanol used as aneat fud is smpler than the economics of ethanol used
as ablendstock. The vaue of neat ethanol versus the vaue of gasoline can be easily computed by
caculating the cost of each fud to drive the same distance. Since ethanol has only about two-thirds of
the BTU content of gasoline on avolume bass, alarger quantity of ethanol is required to travel agiven
distance. Ethanol, however, can be more efficiently converted to energy than gasoline. The BTU
efficiency advantage for ethanol has been estimated at 5 to 12 percent, depending on the characteristics
of the engine used.

Any andysis of ethanol fuds must include the dl-important question of infrastructure availability, and this
isespecidly critical for neat fuels. Asopposed to low-leve ethanol blends, which are interchangegble
with gasoline, neet fuds entail atrangtion to an dternative fuel type. Currently, the digtribution
infragtructure for negt ethanal fuelsis very limited — neat ethandl is only avallable in a handful of refuding
outlets. Severd automobile manufactures offer flexible-fuded vehicles (FFV) carsthat use either
gasoline or neet ethanol fuels. The present sdlection is limited and the vehicles have not been optimized
for neat ethanol fuels. However, as the experience with ethanol fuelsin Brazil has shown, automobile
manufacturers can eadlly increase thalr offering of ethanol cgpable vehiclesif consumer demand
warranted it.

The andytic results presented here show that ethanol is more vauable as a blendstock than as a negt
fud. Neat fudswill not be competitive until the price of ethanal, after any tax incentives, is about 70 to
85 percent the price of gasoline on avolume basis. At that point, the demand for low-leve ethanal
blendsisfairly saturated. The use of neat ethanol will be determined not only by a competitive price,
but by infrastructure and trangtiond issues. However, some niche markets for neat ethanol will develop
because of Federa and state laws mandating the use of dternative fudsin certain flegts.



Severd key legidative initiatives affect the demand for ethanol. The most important of these are the
Federd and dstate tax incentives. The Federd tax incentive is currently equivaent to 54 cents per gdlon
of ethanol. Some dtates, primarily the ethanol producing statesin the Midwest, provide incentives
ranging from 10 to 20 cents per galon. The tax incentives are absolutely essentid to the current corn-
based ethanol industry and will dso be indigpensable to the evolving celulosic ethanol industry.

Stability of the tax incentives will play amgor role in ethanol plant investment decisons.

The other mgjor Federa laws that have an impact on ethanol usage are the Energy Policy Act of 1992
(EPACT) and the Clean Air Act Amendments (CAAA). EPACT established requirements for
dternative fuded vehicles (AFVs) and set petroleum reduction targets. Neat ethanol is one of the
dterndive fuds recognized by EPACT and will compete with other dternative fuels in meeting EPACT
goas. The CAAA st requirements for clean dternative fuels, mandated the use of oxygenated fuelsin
carbon monoxide non-attainment areas, and established guideline levels of criteria pollutants emitted
from vehicular fuels. The two mgor oxygenates currently in use are ethanol and MTBE. They
compete primarily on price. The CAAA dso grantsaone-ps RVP waiver for conventiond gasoline
with 10 percent ethanol. The RVP waiver does not apply to ethanol used in reformulated gasoline
(RFG), and this hindersitsuse in RFG.

State laws may be beneficid or detrimentd to ethanol usage. Severd dtates have enacted legidation
encouraging the use of ethanol such as requiring ethanal to be used in State motor vehicle fleets and
establishing minimum statewide oxygen levelsfor gasoline. Other states have passed laws or ingtituted
legidation redtricting the use of ethanol, such as limiting oxygen levels or imposing reduced RVP limits.
While reduced RVP limits do not technically iminate the use of ethanol as a blendstock, they do put
ethanol at a competitive disadvantage since refineries have to produce alower RV P subgrade gasoline
for ethanol blending.



2. LEGISLATION

Tax Incentives

Tax incentives are essentid to spur the development of the cdllulosic ethanol industry as they provide
the economic bridge for pioneering plants. The federa incentives provide the lion's share of the
combined Federa and state incentives, but the state incentives often provide the extra boost needed to
make anew plant financidly vigble. The political motivations behind the tax incentives are diverse. On
the Federd levd, they currently combine both energy and agricultura objectives. In the future,
reduction of carbon emissons could play an important role. On the Sate leve, agriculturd and
economic development concerns are the primary drivers.

The actud cogt of the incentives to the Federa and state governments is a complex issue and difficult to
quantify. Because the most important Federd incentives are implemented as excise tax exemptions or
structured to be equivalent to excise tax exemptions, the cost to the government is less than if they were
implemented astax credits. In addition, the fact that motor fuels taxes are assessed volumetricaly, and
ethanal has only about two-thirds of the energy content as gasoline means that the government receives
more tax revenue per mile for ethanol than for gasoline.

Ethanol production creates both agricultural and manufacturing jobs, which increase government tax
revenues that accrue from producer profits, payroll taxes, and income produced by secondary sources
(i.e., from the economic multiplier effect). Ethanol production dso has the benefit of displacing foreign
energy sources, primarily petroleum and MTBE. Some statesin which ethanol production plants are
located have sponsored studies to quantify the net effect of ethanol production on both state and
Federa tax receipts, and they have shown a net increase in tax revenues after the incentives are
accounted for. State andyses consider the extra revenue received from higher corn prices due to the
increased demand for corn for ethanol production. Remove parentheses. Most state-sponsored studies
focus mainly on the issues mentioned in this paragraph and not the tax issues noted above. Those
issues are considered separately by tax experts. After discounting the inflated benefits based on the
gudies optimigtic premises, the revenue raising aspects of ethanol production remain significant,
especidly at the state level. An important part of the state analyses is the extra revenue received from
higher corn prices due to the increased demand for corn for ethanol production.

Federal Tax Incentives

The most important Federd incentives for ethanol are a partia exemption to the Federal motor fuds
excise tax for gasohal, i.e., ethanol blends of 10 percent or less, and an income tax credit for ethanol
used asamotor vehicle fuel. Both incentives are nominally worth up to 54 cents per gdlon of ethanol.
The motor fuelstax exemption istypicaly more advantageous for ethanol used in gasohol, sncethe
income tax credit is limited by the taxpayer's tax liability and is more complex to administer. For nest



fuels, i.e, blends containing at least 85 percent ethanal, the excise tax exemption is between 5 and 6
cents, S0 theincome tax credit is normally more advantageous. Most of the ethanol used today is
blended into gasohol and only small amounts are used as neet fuels. The income tax credit dso
provides an additional 10 cents per gdlon credit for smal producers.

On June 9, 1998, President Clinton signed the Transportation Bill, which extended the ethanol tax
incentives to 2007, but on a declining schedule. The incentives will remain equivadent to 54 cents per
galon of ethanal through 2000. In 2001, they decline to 53 cents per gallon; in 2003 they decline to 52
cents per galon; and in 2005 they decline to 51 cents per gdlon. The Federd ethanal tax incentives
have proved to be politically resilient and may be further extended after 2007. The Midwest farm
dates have been very successful in lobbying Congressto extend the incentives. In addition, lowaisan
early presdentia primary state, and aspiring candidates have so far been unwilling to anger lowa voters
over afarmissue. Congress can dso point to the country's commitment to the devel opment of
renewable, environmentdly friendly fuds.

The current corn-based ethanol industry is dependent on the ethanal tax incentive, and thisincentiveis
essentid to the emerging cdllulosic-based ethanol industry. Until ethanol production prices decrease to
the point where they are competitive with gasoline, the stability of the ethanol tax incentive is absolutely
necessary to spur investments in ethanol production facilities.

The motor fuels taxes for gasoline and ethanol blends arelisted in Table 1. The tax per gdlon of
gasolineis 18.4 cents. Three gasohol blends, E10, E7.7, and E5.7, containing ethanol derived from
biomass are granted partid excise tax exemptions, which effectively lowersther tax rates. The partid
exemption for E10 is 5.4 cents per galon, for an effective tax rate 13.0 cents per gdlon. Thisis
equivaent to an exemption of 54 cents per galon of ethanol. Origindly, the gasohol exemption applied
only to E10, but Congress extended the exemptionsto E7.7 and E5.7. Thetax rates for these two
gasohol blends are derived proportionatdly, so that the equivaent exemption per galon of ethanal is
aso 54 cents. Their tax rates are 14.24 and 15.32 cents per gallon, respectively. The tax on neat fuels,
ethanol blends of 85 percent or grester, is dightly less than 13.0 cents per gallon because neet fuels
enjoy an additional exemption of one-hdf of the leaking underground storage trust (LUST) fund, which
was reintroduced as of October 1, 1997 at 0.1 cents per gallon. The current tax on neat fuelsis 12.95
cents per gdlon. However, the equivaent subsidy per galon of ethanol for these blendsis 5.4 and 6.41
for cents per galon, for E100 and E85 respectively, far less generous than for gasohol.



Tablel. Federal Motor Fuels Excise Taxesfor Gasoline and Ethanol Blends
(Centsper Gallon)

Federal Motor Exemption Rate per Exemption-Rate Equivadent
Type of Fud Fuds Tax Rate Gdlon of Fud per Galon of Ethanol
(Compared to
Gasoline)
Gasoline 18.4 not applicable not applicable
Gasohal, E10 13.0 54 54
Gasohal, E7.7 14.24 4.16 54
Gasohol, E5.7 15.32 3.08 54
E85 and above 12.95 5.45 | 6.41 ( ES5) to 5.4 (E100)

The dcohoal fuelsincome tax credit is the sum of (i) the acohol mixture credit, (ii) the dcohoal credit, and
(iit) the smdl producer ethanol credit (Table 2). The acohol fudstax credit gpplies to dcohol mixed
with gasoline and used as afud, while the dcohal credit applies to acohol not mixed with gasoline or
other specia fuel other than a denaturant and used asafuel. For ethanol, both of these credits are 54
cents per galon. The smdl ethanol producer credit is 10 cents per gdlon, but is limited to the 15 million
galons for producers that have an aggregate production capacity under 30 million gallons per year.




Table2. Alcohols Fudesincome Tax Credit for Ethanol

Type of Alcohol Fuels Credit | Description Maximum Credit Amount (Cents
per Gdlon)
Alcohol Mixture Credit Alcohol blended with a 54 cents for 190 proof and
quaifying motor fud above
40 cents for 150 to 190 proof
Alcohol Credit Alcohal not mixed with gasor | 54 cents for 190 proof and
specid fud other thana above
denaturant 40 cents for 150 to 190 proof
Smdll Producer Credit Production capacity must be 10 centsfor up to 15 million
less than 30 million gdlonsper | gdlons
year.

Notes: (1) Thea cohol fuelsincome tax credit is subject to the general business tax credit limitations, must be
reduced by any motor fuels excise tax exemption, and must be reported as gross revenue.
(2) The small producer credit applies primarily to niche markets and is of minimal importance. It is subject to
aggregation rules.

The dcohol fuels credit can only be taken againgt the blender's’ Federd tax liability at the end of the tax
year and is subject to the generd business tax redtrictions, i.e,, it gpplies only to atax liability grester
than certain other tax credit and the larger of 25 percent of the taxpayer's regular tax ligbility or
$25,000 and the dternative minimum tax ligbility. The credit must be reduced by any motor fud excise
tax exemption taken. In addition, the alowable credit must be reported as gross income for the tax
year in which the credit is earned even if the credit that can be taken that year isless than the dlowable
credit®. If the blender taking the credit does not have a sufficient Federd tax liability, he cannot clam
the full credit dlowable for the tax year. The Internd Revenue Code provides a carryback and
carryforward period for unused tax credits. However, the carryforward period for unused a cohol fuel
credits is more limited than the standard carryforward period for generd business tax credits’.

SUsual ly the blender takes the alcohol mixture and alcohol credits, as the credits apply primarily to the
person mixing the ethanol or dispensing it at theretail level. The producer will take any small producer credit.

6Only two income tax credits must be reported as gross income: the alcohols fuels credit and the gasoline
tax and special fuelscredit. Thislater credit appliesto tax credits taken for excise taxes paid for fuels used for
farming, non-highway use, school buses, and other nontaxable purposes. Only the alcohol fuels credit has the
additional requirement that the total credit allowable must be included as grossincome, even if the taxpayer can not
claim the full allowable credit. The unclaimed credit is subject to the carryback and carryforward rules.

The carryforward period currently expires at the end of 2003. However, an earlier termination may occur if

the Highway Trust fund financing rate under Code Sec. 4081 ceasesto exist. In that case, the credit may not be
carried forward to tax years beginning after the two tax years following the tax year in which the rate ceased to exist.
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When either the excise tax exemption or the income tax credit can be taken, the excise tax exemption is
generdly preferred by taxpayers’. The taxpayer dways gets the benefit of the full excise tax exemption,
whereas the taxpayer may have an insufficient tax liability to dam the entire tax credit dlowable.
Moreover, the full allowable tax credit must be reported as grossincome and is taxed at the taxpayer's
margind rate, even if the taxpayer cannot take advantage of the full credit, which could reduce nomind
vaue of thetax credit. Thetax credit aso imposes additiona bookkeeping and tracking requirements,
snce the credit must be reduced by any excise tax exemptions, even if they are clamed by another
taxpayer. To the taxpayer, the gasoline excise tax credit isimmediate, whereas the income tax credit is
taken a the end of the year (or when filing quarterly estimated tax payments) after the income tax
ligbility is computed.

State I ncentives

Approximatdy 20 states currently offer some sort of ethanol incentive, which may take the form of a
blender credit, producer credit, income tax deduction, motor fuel excise tax exemption, or sales tax
reduction. Whether the current state incentives will continue or whether additiona states will provide
incentives is speculative, especidly if alarge cdlulosic ethanol industry emerges. Five states provide an
exemption from the motor fuelstax for gasohol (Table 3). In four dates, the exemptionisa penny or
two per gallon of gasohol, equivalent to 10 to 21 cents per galon of ethanol, assuming a 10 percent
ethanal blend. The excise tax exemption in Alaskais 8 cents per gdlon for gasohal for ethanol
produced from wood, equivaent to 80 cents per gdlon for ethanol. Thisisby far the largest incentive
provided by any sate. The Alaska excise tax exemption had origindly gpplied to al biomass ethanadl,
but legidation recently enacted to restrict the exemption to acohol produced from wood.

The outright blender/producer credits vary considerably from state to state, and range up to 40 cents
per gdlon of ethanal (Table 4). Some states, however, impose limits on the amount of funds avallable
for ethanal incentives. State incentives, while not as generous as Federa incentives, can play apivota
role in the decison to build an ethanadl facility.

8The Treasury's position isthat the tax credit provides the same benefit as the excise tax exemption,
provided thereisasufficient tax liability. Treasury does note that some cost of money differences could arise
depending on when the incometax credit istaken. Thisisespecially trueif some of the credit is carried over to
future years. However as noted in the text, the income tax credit requires additional bookkeeping and tracking of the
fuel to seeif other taxpayers claim any excisetax credits. Currently, aimost all ethanol is used in gasohol and almost
all the ethanol incentives are claimed as excise tax credits.



Table3. State Motor-Fuel Tax Exemption for Gasohol
As of November 1996

State Exemption for Gasohol Equivaent Exemption for
(Cents per Gdlon of ) Ethanol
(Cents per Gallon)
Alaska 8.0 80
Applies only to ethanol Applies only to ethanol
produced from wood produced from wood
Connecticut 1.0 10
Idaho 25 25
lowa 1.0 10
South Dakota 2.0 20

Source: U.S. Department of Transportation, Federal Highway Administration, "Monthly Motor Fuel reported by
States", February 1998 and legislation enacted in Alaskafirst quarter 1998

State incentives are typically motivated by agricultura support and economic development objectives.
Cresting additional demand for agricultural products benefits farmers, who receive higher prices for
their produce, and states, whose tax revenues are increased as farmers enjoy greeter profits. The
ethanol conversion plants create in-gtate jobs, thus increasing payroll taxes, and taxable profits. These
incentives also benefit Sate trade baances by reducing the amount of gasoline that must be purchased
from other states or foreign countries. State tax incentives are normaly judtified by studies that show a
net tax benefit accruing from the incentives.
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Table4. State Ethanol Incentives Other than Motor Fuel Tax Exemptions for Gasohol

Asof April 1997

State Incentive

Cdlifornia One-half of the gasoline fuel excisetax credit for E85. Neat
fuels are exempt from fuel taxes. Current excise taxes for
gasoline and E85 are 18 and 9 cents per gallon, respectively

Hawaii Exempt from retail saletax (4 percent)

lllinois 2 percent sales tax exemption

Louisiana Gasohol is exempt from salestax if alcohol is madein the
state

Indiana 10 percent income tax deduction for plants that upgrade

Minnesota 15 cents per gallon of ethanol, capped at $3.75 million per
year for each producer

Missouri 20 cents per gallon of ethanol produced in state

Montana 30 cents per gallon of ethanol produced in state with state
agricultural products, $6 million cap on afirst-come basis

Nebraska 25 cents per gallon of ethanol, capped at $25 million per year

for each producer

North Carolina

Income tax credit up to 30 percent plant cost

North Dakota 40 cents per gallon of ethanol produced and sold within
North Dakota, $3,675,000 authorized in 1995

Ohio 1 cent per gallon of E10 income tax credit, equivalent to 10
cents per gallon of ethanol, maximum of $15 million per year

Oregon 50 percent property tax credit for ethanol facilities

South Dakota 20 cents per gallon of ethanol produced in state, $208,667
funding cap

Washington Credit of 60 percent of tax rate for each gallon of alcohol
blended

Wyoming 40 cents per gallon of ethanol, through 2000

Source: Clean Cities Guide to Alternative Fuel Vehicle Incentives, U.S. Department of Energy, November 1996 and
The Clean Fuels Report, April 1997 and U.S. Department of Transportation to promote the development of
aternative fuels, Federal Highway Administration, "Monthly Motor Fuel reported by States', February 1998
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Cost of Tax Incentivesto the Government

The cogt of the tax incentives to the government can be divided into two categories: (1) the impact on
tax revenues from afisca tax policy point of view which assumes GDP remains fixed and (2) the taxes
on additiona taxable income generated from producing ethanal, i.e., from an increase in GDP.

Thefirg category is gpplies to tax incentives like the Federal excise tax exemption and the income tax
credits. The nomind vaue of these incentive overdates the change in total government tax receipts or
the actua cost of the incentive to the government for two reasons. Fird, IRS regulations effectively
treat the ethanol incentive as gross revenue, which istaxed a the taxpayer's margind tax. Second,
liquid motor fuel taxes are assessed volumetricdly, but ethanol has only about two-thirds the energy
content of gasoline for an equa volume. For the same miles driven, gpproximately 50 percent more
ethanol is used by volume and, consequently, the tax receipts are 50 percent greater. A recent analyss
of the ethanal tax incentives estimated that the actua cost to the Federd government of the 54 cent per
gdlon ethanol tax incentivesis 34 cents per gdlor?. Thisisthe actud tax revenue forgone by the federd
government because of the excise tax incentives, assuming that GDP remains constant. The study adso
estimated that the actual decrease to federal and State tax revenues due to the combined federal and
date tax incentives was about 50 percent of the incentive level.

The second category ded's how the ethanol incentivesincrease GDP. Severd factors are involved

here. The ethanal industry creates additiond jobs not only in the ethanol indudtry itsdlf but dso from the
economic multiplier effect. Ethanol aso displaces some foreign source oil and/or MTBE, which will
add to domestic taxable recei pts and improve the nation's trade balance. Indirectly, ethanol may lower
the price of ail or MTBE through decreased demand for these products.  Ethanol will increase the
demand for agricultura products and consequently increase the prices farmers receive.

As noted above, no objective economic sudies exigt at the current time for quantifying the effects of
ethanal production on GDP. While it seems obvious that ethanol production will increase GDP,
especidly snceit replaces some imported products, quantifying the extent of the increase is difficult.
The question is to what extent the ethanol industry will create new jobs, capitd, and so forth as
opposed to displacing jobs, capital investment, and so forth from other sectors.

The farming issue is more intricate. Since ethanol increases the demand for agricultura products,
farmers will recaeive higher prices. For farm gtates, thiswill produce additiona taxable income for two
reasons. The farmers will sdl more agricultura products and they will receive higher pricesfor dl the
products sold (prices increase because of the greater demand for the product). Any in-state ethanol
production facilities also increase state taxable revenues and provide economic development. These

David Andress, Ethanol Tax Incentives and Issues, David Andress & Associates, Inc., April 1998
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additiond tax revenues may more than offset any date tax incentives and clearly justify Sate tax
incentives.

From anationa perspective, however, consumersin other states pay more for farm products, and this
reduces their taxable income. That is, the higher prices received by the farmers are to some extent
offset by the higher prices domestic consumers pay for farm products. However, some of the produce
may be exported, and the higher prices received by the farmers are a net national benefit.

The farm gtory is more complicated than the smple discusson above indicates. Until the passage of the
recent 1996 Freedom to Farm hill, the Federa government took a much more active role in managing
farm-product inventories. The government would pay afarmer not to plant desgnated land, would buy
excess farm inventory under certain conditions, and would guarantee certain farm produce prices. A
god of the new farm hill isto trandtion planting decisons to a market-based, rather than government-
controlled, environment, and to eiminate farm support payments. Whether the government will have to
gep in to remedy conditions caused by market inefficienciesis unknown, but there are indications that
this may be necessary in some cases. Before the 1996 farm bill was passed, the ethanol incentives
indirectly played arole in the government's overdl farm support policies. Department of Agriculture
andyses showed how government corn support payments would increase if the ethanol incentives were
repeded. Although those analyses are no longer relevant, they gtill provide some useful ingghtsinto the
relationship between the ethanol incentives and corn prices and what costs might accrue to a
government assstance program if corn prices were to precipitoudy drop.

Anayzing the economic impact of the corn ethanol industry on corn cropsis exceedingly difficult, Snce
corn is afeed commodity and the corn mills produce other products besides ethanol, some of which are
exported. The economic relationship between ethanol mill co-products and corn and soy products
must aso be considered, as these products are animal feed substitutes for each other. The Stuation is
less complicated for cellulosic ethanol. Most of the feedstock crops do not have an dternative food use
and the co-product associated with cellulosic ethanol conversion is eectricity.

The prospect of globa warming has simulated an internationd effort to develop policies to reduce
anthropogenic carbon emissions. One Strategy being considered in the U.S. isthe use of carbon taxes
or incentives. Cdlulogc ethanol produces dmost no net carbon emissions and would be favored by
any policies that internalize the cost of greenhouse gas emissons. Chapter 7 discussesthisissuein
detail.

Energy Policy Act of 1992

In EPACT, Congress put forth a comprehensive strategy for meeting the nation's future energy
demands. One of the key features of the act is to reduce the nation's dependency on oil and encourage
the development of dternative fuds. The act defines aset of dternative fuels, which include ethanol
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(E85), methanal (M85), other dcohols in mixtures of 85 percent or more by volume (but not less than
70 percent by rule) with gasoline, compressed natura gas, liquified natura gas, liquified petroleum gas,
hydrogen, dectricity, biofuels, or any fud subgtantialy not petroleum and yielding substantia security
and environmenta benefits. EPACT requires certain fleets to use these fuel's according to a schedule
specified in the act, and establishes a st of tax incentives for dternative fueed vehicles (AFV) and
AFV refueing facilities. EPACT adso establishes objectives for reducing petroleum usage.

Requirements For Alternative Fueled Vehicles (AFV)

The EPACT fleet requirements for dternative-fueed vehicles can be met by any dternative fud lised
above. Asethandl isjust one of the dternative fuels, it must compete with other dternative fuels.
Heets covered under EPACT are divided into four categories. Federd, state, alternative fuel provider,
and municipa/private. EPACT specifies aschedule of AFV requirements for each category (Table 5).
Minimum fleet szesfor EPACT coverage are 20 light duty vehicles for Sate fleets and 50 for private
fleets with avalability to dternative fuds. Certain exemptions apply. The number of AFVs currently
covered under EPACT isvery smdl. The energy Information Adminigration (EIA) estimates that
dternative fuels from EPACT-mandated fleet requirements will account for a most 3 percent of the
highway transportation fuels by 2010.

Table5. EPACT AFV Fleet Purchase Requirements
(Per cent of New Acquisitions)

Y ear Federal State Alterndtive Fudl Municipa/Private

Provider (@
1998 50 15 50 20
1999 75 25 70 20
2000 75 50 90 20
2001 75 75 90 20
2002 75 75 90 40
2003 75 75 90 60
2004 75 75 90 70
2005 75 75 90 70
2006 75 75 90

(8 May be required by regulation if DOE finds these acquisitions are necessary.
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EPACT Tax Deductions

EPACT provides tax deductions from adjusted gross income for qualified AFVs based on vehicle
weight (Table 6). Thetax deduction is as available for both business and persond vehicles. EPACT
aso provides tax deductions of up $100,000 for AFV refuding facilities.

Table6. EPACT Tax Deductionsfor AFVs

Truck or Van Bus All Other Vehicles
10,000 to > 26,000 Ib. Sesting for 20+ adults Not including off road vehicles
26,000 Lb.
$5,000 $50,000 $50,000 $2,000

The tax deductions are reduced by 25 percent in 2002, 50 percent in 2003, and 75 percent in 2004.
They expire on December 31, 2004.

EPACT authorizes Federa grants for state-administered incentive programs to promote and encourage
the use of dternative fuds. Under this program, the states design their own programs and submit them
to the Federal government for approval. It is expected that the ethanol producing states will design
theirs to increase ethanol usage. The state incentives can be structured to provide grants for the
introduction of AFVsinto state-owned fleets, which do not benefit from the income tax deductions.

Petroleum Reduction Tar gets

EPACT edablishesagod of displacing 10 percent of nation's petroleum use with replacement fuels by
2000 and 30 percent by 2010. The petroleum reduction targets provide statutory and policy
judtification for establishing government programs to encourage the development of dternative fuels.
The objective of these programsis to provide basic research and development (R&D) to
commercidize adomedtic indudtry for clean fuels. The government has along and successful history of
encouraging the development and use of new energy sources. The oil depletion allowance provided a
tremendous incentive to the petroleum industry, and the nuclear power industry benefitted from many
government R& D programs.

Alternative Motor Fuels Act of 1988

The purpose of Alternative Motor Fuels Act of 1988 (AMFA) is to encourage the development and
use of dterndtive fuds, including ethanol, methanol, and naturd gas. AMFA lad the groundwork for
much of the treetment of dternative fuelsin EPACT. AMFA aso provides an incentive to car
manufacturers for producing AFVs. A gdlon of dternative fud used in an dterndive fud vehicleis
counted in the calculation of the manufacturer's Corporate Average Fuel Economy (CAFE) as
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equivalent to 15 percent of agdlon of gasoline. AMFA bases the CAFE credit on the assumption that
dedicated fueled vehicles use dternative fuels 100 percent of the time and flexible fuded vehicles use
gasoline 50 percent of the time and dternative fuds the other 50 percent of the time. These credits
accrue to each dedicated and flexible fueled vehicle until they reached 0.5 and 1.0 percent of new
vehicle sdles, respectivey, in each modd year. The maximum increase in CAFE attributable to flexible
fuded vehiclesis 1.2 mpg. Thereisno limit on the increase in the CAFE mpg displaced on dedicated
fueled vehicles. The CAFE credits scheduled to expirein 2004. Because of these incentives,
automohbile manufacturers are currently sdlling flex-fueled vehicles, e.g., the Ford Taurus and the Chevy
Lumina

The Clean Air Act Amendments of 1990

The CAAA requires certain fleets, generaly defined as conssting of 10 or more vehicles capable of
being centrally fudled, operating in non-attainment metropolitan areas with 250,000 or more people to
use clean fuels. Non-attainment areas are those areas that violate ozone or carbon monoxide standards
set by EPA. EPA specifies emisson standards for fuels to meet in order to be classfied as clean fuds.
Clean fudsinclude dl the dternative fudls plus any conventiond and reformulated gasoline, and diesdl
and clean diesd fudsthat meet the EPA emission criteria

Reduction of Agricultural Wastes and Forest Residues

Management of agricultura wastes and forest excess resduesis an increasing problem in many arees of
the country. At the present time, some agricultural wastes are burned and forest residues increase the
risk of wildfires, both of which contribute to air pollution problems. Biomass ethanol production may
provide an atractive dternative for handing these wastes, and some environmentdly friendly states dso
grant specid tax incentives to ethanol plants using waste products. In some cases, the ethanol producer
may receive atipping fee for handling the waste, such as has occurred with municipa solid wastes.
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3. Emission and Fuel-Characteristic | ssues
The Clean Air Act Amendment of 1990 and EPA Regulation

The CAAA isawatershed piece of legidation designed to improve the nation's air qudity. The act
assigns the responsibility for regulating the emissons of the so-called criteria pollutants to the
Environmenta Protection Agency (EPA). Table 7 summarizes recent gasoline parameters parameter
vaues. The key parameters affecting ethanol are the maximum percent of acohol and ethers alowed,
oxygen-concentration reguirements and restrictions, and the maximum alowable RVP.

Low-leve blends of ethanol and gasoline are currently limited to a maximum of 10 percent ethanal,
which corresponds roughly to a 3.5 weight percent of oxygen. For other alcohol and ether blends,
except methanol blends, the maximum oxygen concentration of the blend is limited 2.7 weight percent
by EPA under the "subgtantidly similar" to gasoline requirement of the Clean Air Act Section 211(f)(1).
Methanol blends containing no other oxygenates are limited to 0.3 percent methanol by volume. Table
8 shows the volume percentages for dcohol and ether blends for key oxygen concentrations. The
maximum ethanol excise tax incentives occur a the ethanol volumetric percentages associated with
these oxygen concentrations.

Reid Vapor Pressure

RVP isregulated to control evaporative VOC emissions that contribute to ozone formation. Ozone
results from photochemica reactions with certain organic and nitrogen compounds contained in fuel
evaporative and tailpipe emissions. Because the rate at which the reactions proceed is related to both
temperature and intengity of the sunlight, ozone problems are greater in the summer than in the winter.
Ethanol blended with conventiona gasoline at a concentration of 10 percent by volume, isgranted a
one-ps RVP waiver (CAAA, Section 211), which corresponds roughly to an RVP increase of a 10-
percent ethanol blend (Table 9). No RVP or VOC waiver is granted for other ethanol-gasoline blend
levels or for ethanol blended with RFG. The RVP waiver is primarily a concern for summer gasoline
production, because summer gasoline has sricter RVP limits than winter gasoline. The lack of an VOC
waiver for RFG inhibits the blending of ethanol with summer RFG, because alower RVP RFG must be
produced to alow for the RVP increase caused by ethanol. Etherslike ETBE and MTBE havethe
advantage of not producing an increased RV P mixture when blended with gasoline. Neset ethanol hasa
very low RVP.
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Table 7. Fuel Paraneter Values (national basis)

Conventi onal gasoline Gasohol Oxyf uel Phase | RFG
(2.7 wt %
oxygen)

Avgl Range2 Avg Avg Avg
RVP3 8.7-S 6.9-15.1 9.7-S 8.7-S 7.2/8.1-S
(psi) 11.5-W 11.5-W 11.5-W 11.5-W
T50 207 141- 251 202 205 202
(F)
T90 332 286- 369 316 318 316
(F)
Aromati cs 28.6 6.1-52.2 23.9 25.8 23.4
(vol %9
A efins 10. 8 0.4-29.9 8.7 8.5 8.2
(vol %9
Benzene 1.60 0.1-5.18 1.60 1.60 1.0
(vol %9 (1.3 nmax)
Sul fur 338 10- 1170 305 313 302
(ppm (500 nax)
MIBE4 -- 0.1-13.8 -- 15 11
(vol %9 (7.8-15)
Et OH4 -- 0.1-10.4 10 7.7 5.7
(vol % (4.3-10)

1 As defined in the Clean Air Act.
2 1990 WMA survey.
3 Wnter (W higher than Sumer (S) to maintain vehicle perfornmance.
4 Oxygen concentrations shown are for separate batches of
fuel ; conbinations of both MIBE and ethanol in the sane
bl end can never be above 15 vol une percent total
Source: EPA web site
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Table8. Alcohol and Ether Blend Volume Percentages for Key Oxygen Concentrations

Oxygen Concentration Ethanol Volume ETBE Volume Percent MTBE Volume
(weight percent) Percent Percent
2.0 5.7 12.7 111
2.7 1.7 17.2 15.0
35 10.0 N/A N/A
Table9. RVP Valuesfor Ethanol and Ether Blends
Percent of alcohol / ether RVP for Ethanol Blend (ps) RVP for ETBE Blend (ps)
0 9.00 9.00
5 10.10 8.80
10 10.00 8.60
15 9.90 8.30
20 9.75 8.10
25 na 7.90
30 9.50 na
50 8.70 na
70 7.00 na
90 4.30 na
100 2.30 4.40

Oxygenated Fuel

The CAAA requires the use of oxygenated fuelsin winter carbon monoxide non-attainment areas. The

act requires a minimum oxygen concentration of 2.7 weight percent, the highest alowed for ether

blends. Ten-percent ethanol blends can be used to obtain an oxygen concentration of about 3.5 weight

percent.

In aso-caled perfect combustion only carbon dioxide is produced; carbon monoxide is the result of
incomplete combustion occurs when carbon in the fud is partialy, rather than fully, oxidized.
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Incomplete fue combustion is more pronounced when operating below design temperatures, and
consequently, carbon monoxide emissions increase in wintertime when they are even further
exasperated by longer warm-up periods. Carbon monoxide can cause health problems because it
reduces the flow of oxygen in the bloodstream and is particularly dangerous to people with vascular
problems.

Ozone Reduction

Urban ozone problemsincrease dramaticaly in the summer, and the CAAA requires the use of RFG
during the summer in extreme or serious ozone non-attainment aress. The CAAA aso provides an
option to use RFG in areas with moderate or margina 0zone non-attainment problems. EPA requiresa
minimum 2.0 weight-percent oxygen concentration for RFG. EPA had imposed a 2.7 maximum
weight-percent oxygen concentration, which corresponds to an MTBE blend of 15 percent by volume.
However, in the December 1993 find rule (59 FR 7716, February 16, 1994), EPA issued arule that
maintained the 2.7 weight-percent cap, but alowed a sate to request a higher cap of 3.5 weight
percent if it had no ozone exceedances for the previous three years. This exception was introduced to
alow RFG containing 10 percent ethanol blends, as ethanal is presently the only oxygenate which
legdly can be blended at levels greater than 2.7 welght-percent oxygen (on average). As noted above,
no RVP waiver gppliesto RFG containing ethanol.

NOXx is an 0zone precursor, and questions have been raised about whether the addition of fuel
oxygenates will lead to an increase in NOx emissons. The issues here are complex, and differences of
opinions exist about whether NOx emissions increase and/or whether air quality will be effected. If
NOx emissions do increase, ethanol blends typically show a greeter increase than ether blends. EPA
maintains that for VOC-controlled RFG, its Complex Model shows no increase in NOx emissions
when the oxygen concentration is increased from 2.0 to 2.7 weight percent (40 CFR Part 80). EPA
aso maintains that increasing the oxygen level to 3.5 weight percent will not increase NOx emissons.
(NOx emissons will increase when non VOC controlled gasolineisused.) EPA notes that others may
disagree with this conclusion and that some experimental data show that NOx emissonsincrease. EPA
recogni zes that some states may conclude that lower maximum oxygen limits are needed to maintain ar
quaity and dlows a gate to request lower maximum oxygen levels for VOC controlled gasoline. Such
arequest has been gpproved for Cdifornia

The upcoming RFG Phase |1 specifications, beginning in 2000, may make it economically unattractive
to use ethanol as an RFG blend feedstock for the summer season. Phase Il RFG requires a 27 percent
reduction in VOC as opposed to the 17 percent reduction required by Phase | RFG. Ethanol's one-
ps boost to RVP presents refiners with a difficult problem. OXY-FUEL News estimated an RVP of
8.1 ps would meet the Phase | requirements, which would mean a subgrade gasoline suitable for
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blending with ethanol would have to have an RVP of 7.1 ps. For Phase Il requirements subgrade
gasoline suitable for blending with ethanol would have to have an RVP of 5.5 ps*®.

The reason for controlling RVP is based on assumptions about the relationship between RVP and
ozone. Evaporative VOC emissons are related to RVP, VOCs are ozone precursors. However, the
spectrum of evaporative VOCs emitted depends on the type of fuel, and different VOCs have different
ozone-forming or reactivity potentials. EPA is currently funding the National Academy of Sciences
(NAYS) to study thisissue and to characterize the extent to which ethanol blends contribute to additional
ozone formation. A report is scheduled for completion in February 1999. If the NAS study determines
ethanol blends do not increase 0zone, EPA may revise its RV P standards for ethanol blends.

However, the Cdifornia Air Resources Board recently completed a study on the ozone forming
potential associated with an RVP waiver for Cdifornia RFG and concluded that an RVP waiver for
ethanol blends would lead to an increase of 16 to 19 percent in 0zone forming potential becauise of
higher evaporative emissons':.

The Nationa Renewable Energy Laboratory (NREL ) did a study comparing the characteristics of
ethanol blends and neat ethanol compared to year 2000 RFG (Table 10). For ethanol splash blended
with RFG (E10), which would not satisfy the phase I1 RV P requirements, the evaporative VOCs
increase by 30 percent compared with RFG. However, if low RV P subgrade RFG is produced so that
the ethanol blend meets the Phase |1 RFG requirements, evaporative VOCs do not increase. In
contrast to the EPA's position, the NREL results project an increase in NOx emissions for ethanol
blended with both norma RFG and low RVP RFG. EPA maintains that its Complex Model does not
show a NOx increase for VOC controlled gasolines. Table 10 aso highlights the ozone benefits of nesat
ethanol. Both E85 and E95 show significant reductionsin evaporative VOC and NOX emissions.

19EPA Should Reconsider Ethanol For Phase |1 Gasoline, Says Refiner, OXY-FUELS News, March 16, 1998,
p.1

1lProposed Determination Pursuant to Health and Safety Code Section 43830(g) of the Ozone Forming
Potential of Elevated RV P Gasoline Containing 10 Percent Ethanol, October 1998, Air Resources Board,
Sacramento, California
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Table 10. Comparison of RVP, VOC, CO, and NOx for year 2000 RFG

RFG (11 percent | E10 (splash | E10 (low E85 E95
MTBE) blended) RVP)
gmie %change | Y%change | %change | % change
(except as noted)
RVP (ps) 6.7 8.1 6.7
Evaporative VOC 0.204 30 0 -15 -28
Exhaust VOC 0.208 -2 -2 -2 -2
Tota VOC 0.412 15 -1 -8 -15
CO 2.19 -4.6 -4.6 -4.6 -4.6
NOXx 0.635 29 2.9 -20 -20

Source: Tyson, Shaine, "Fuel Cycle Evauation of biomass-Ethanol and Reformulated Gasoline”
NREL/TP-463-4950, Table E-13

State Oxygen Regulations

Cdifornia, because of itsunique air qudity problems, has adopted dtricter criteriafor RFG sold in
Cdiforniathan is required by the Federal RFG program. EPA has gpproved the Cdifornia RFG
requirements and has determined it will provide as good or better air-quality benefits as federa RFG.
Table 11 summarizes some of the characterigtics of Federd and California RFG relative to conventiona
gasoline. The vaues shown in the table are average values. Table 12 shows the so-called flat, average,
and cap specifications. The RVP requirements gpply to non-winter months for certain specified
locations. Oxygen limits are explained below.

A refiner may choose ether the "flat” limit or the "averaging” limit for dl the Phase 2 sandards except
for Reid vapor pressure and oxygen concentration. The flat limit gpplies to every batch of finished
gasoline. The "averaging” limit alows specific batches to exceed the "flat” limit aslong as fud produced
over a 180-day period meetsthe "averaging” limit and never exceeds the "cgp" limit. The "averaging”
specifications give refiners more blending options and help them control operating codts.

Asan dternative to theflat or averaging limits, California alows refiners to develop their own gasoline
specifications as long as the refiners can show that emission effects are equivaent to those of the limits
using a Predictive Model developed by the Cdifornia Air Resources Board or use an emissions test
program to demongtrate the equivdency. The cap limits still gpply. Oxygen concentrations of up to
2.7 weight percent are dlowed under this option. Under this program, minimum oxygen concentration
isrequired for summertime Cdifornia RFG.
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Concern about increased NOx emissions from the use of oxygenated fuels was a mgjor reason why
Cdifornia settled on lower maximum oxygen concentrations. These redtrictions virtudly eiminate the
use of ethanol in blends, Cdifornialaw permits aone ps RVP dlowance for E10 (3.5 percent oxygen
in conventional gasoline), but not for lesser blend levels. In addition Cdifornias Predictive Modd,
which refiners can use to demondrate afud blend meets Cdiforniaar qudity sandards, limits fud
vapor pressureto 7.0 ps. For the most part, refiners have been unwilling to produce subgrade
gasolines that can be blended with ethanol at a 2 percent oxygen limit, without the RVP waiver'?,
Consequently, most of California oxygenate requirements are being met by MTBE. Cdiforniaisinthe
process of studying options that would dlow fuels to contain oxygen levels gregter than 2.7 percent,
provided they meet Cdifornia emissons requirements.

12Tos00 has announced asmall pilot program to produce M TBE-free fuel by blending ethanol
to meet Cdlifornia oxygenate sandards
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Table11. Federal and California Reformulated Gasolines Compar ed to California 1994

Conventional Gasoline

Federal RFG CaliforniaRFG
Implementation Dates Phase | Phase | 3/1/96 (producer)*
1/2/95 (retail) 1/2/2000 (retail) 6/2/96 (retail)

Areas Affected L.A. County Same as 1995 Statewide

Orange

Riverside

Sacramento (6/96)

San Bern. (part)

Ventura

San Diego
Emissions Reductions (%) (Date)
Volatile Organic Compounds (1996) (2000) (1996)
Nitrogen Oxides 9 15 17
Carbon Monoxide 4 4 11
Sulfur Dioxide 11 11 11

0 0 80

Reduced Cancer Risk (%) 20-30 3040 3040
Fuel Properties®
Reid Vapor Pressure (RVP), ps 7.0 6.7 6.8
Oxygen, wt.% 2 2 2
Benzene, v.% 08 08 08
Aromatics, v.% 27 25 2
Olefins, v.% 85 85 4
Sulfur, ppm 130 130 30
Distillation temperatures
T50, °F 210 207 200
T90, °F 329 321 290
Production Cost Increase 25 unknown 515
(cents/gallon)

1. Cdifornia RFG will satisfy federal Phase 2 RFG requirements.
2. Analysisincludes an adjustment for methyl tertiary butyl ether (MTBE).

3. Specifications for gasolines that could comply with Federal and California RFG

regulations.

4. Average of 10 cents per gallon -- based on individual refiner production costs.

Source: CARB web site
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Table 12. California Cleaner-Burning Gasoline Specifications

Phase 2
Speci fications Phase 1 * "Flat" " Aver agi ng" " Cap"
Rei d vapor pressure (psi) 7.8 7.0 7.0 7.0
Sul fur (ppmy) 151 40 30 80
Aromatic HC (vol.% nax.) 32 25 22 30
Benzene (vol . % nmax.) 1.7 1.0 0. 80 1.20
Aefins (vol.% nax.) 9.6 6.0 4.0 10.0
Oxygen (wk. % ** 1.8-2.2 1.8-2.2 NA 1.8 min
2.7 max
Tenperature (oF, nmax.)
at 50%distilled 212 210 200 220
Tenperature (oF, max.)
at 90%distilled 329 300 290 330
* Specifications are only for Reid vapor pressure. The other nunbers are estimates

of average
val ues for Phase 1.
**  The oxygen specification (1.8-2.2 percent) has been in force during w nter nonths
only since Novenber 1992. The Phase 2 specification is year-round.
Source: CARB web site

Minnesota Oxygen Requirements

Minnesota has enacted legidation aminimum 2.7 percent oxygen content year round. Legidation has
been introduced in Nebraska to require minimum oxygen content. The move toward requiring minimum
oxygen standards for other than environmental reasons gppears confined to the ethanol producing
regions.

MTBE Toxicity | ssues

Ground water contamination from Methyl Tertiary-Butyl Ether (MTBE) leaching from lesking
underground fuel tanksis area of current concern. The problem is of great concern in Cdiforniaand
the state has commissioned a study to look into the maiter. At thistime, some contamination in drinking
water has been reported. While the number of confirmed incidentsis smdl at the current time, they are
taken quite serioudy by state authorities because MTBE is considered a possible human carcinogen by
the U.S. Environmenta Protection Agency (EPA). MTBE has a disagreeabl e taste and odor at
extremely low concentrations.
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Data on spread rates and migration paths of MTBE are very preliminary as the use of widespread
MTBE in gasoline has alimited history. Researchers have compared MTBE disperson with plumes
from benzene, toluene, ethylbenzene, and xylenes (BTEX). However, they have found evidence that
MTBE is generdly recdcitrant and not likely to undergo the rapid atenuation seen for the more
biodegradable BTEX compounds.

Cdifornia has recently completed a sudy examining the economics of dternaivesto usng MTBE in
gasoline™®. The options considered in the study were ethanol, ETBE, TBA (tertiary butyl acohol), and
TAME (tertiary amyl methyl ether). At this point in time, Cdifornia has not determined that MTBE
contamination is serious enough to warrant usage redtrictions. One obstacle to banning MTBE isthe
lack sufficient quantities of subgtitute oxygenates. The study aso looked a the possibility of diminating
the oxygen requirement or adopting a reduced oxygen requirement that would il alow the use of
MTBE (H.R. 630). The study concluded that the disruption would be too grest in the short term, but
that atrangtion could be feasible in the long term (greater than Sx years). The cost changes for the
MTBE dternatives are listed in Table 13.

Table 13. Average Cost Changefor California M TBE Alternatives
(Cents Per Gallon)
Intermediate Term Long Term
Ethanol 6.1t06.7 19t025
ETBE 241025 0
TBA 05t014 0.3t01.0
Mixed Oxygenates -0.2t00.2 -0.3t0-0.4
HR 630 -0.2t0-0.8 -0.3to-1.5
No Oxygenates 4.31t08.8 0.9t0 3.7

Source: Supply and Cost of Alternativesto MTBE in Gasoline, California Energy Commission, Staff Report,

October 1998, Publication No: P300-98-013

The study noted that smilar to MTBE, compounds such as ethanol, ETBE, TAME and TBA are able
to mix with water, are difficult to remove from contaminated water and cause water to taste and smell
unpleasant even at very smal concentrations. Thisissue is being separately considered. Industry
experts have suggested that the MTBE problem could apply to al ethers. Ground water contamination
from leaky ethanol storage tanks does not appear to be a problem to date.

13Supply and Cost of Alternativesto MTBE in Gasoline, California Energy Commission, Staff Report,
October 1998, Publication No: P300-98-013
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Other Emissions

Ethanol fuels show reductions in benzene, 1,3-butadiene, and exhaust hydrocarbons emissions, but
show an increase in forma dehyde and acetd dehyde emissions. These emissions are regulated because
of their carcinogenic potentid. Ethanol fuels dso reduce sulfur emissons. EPA is currently consdering
impasing further limiting of sulphur emissons. The changes in these emissions are proportiond to the
ethanol content of the fud.

Advancesin Engine and Emissions Technology

When fuel oxygenates were first proposed to improve air quaity, most vehicles were using carbureted
systems. Adding oxygenates was the mgor way to control the fuel/air mixture & that time. The
oxygenates enleaned the fudl/air mixture, thereby increasing carbon dioxide emissions and reducing
carbon monoxide emissons. Newer cars with dectronic controls can monitor both the air/fuel mixture
and the concentration of key gaseous emissions to dynamicaly control the amount of air, and hence
oxygen concentration, in the fue intake. While the benefits of oxygenated fuels are not as grest for
newer vehicles asthey were for older, the benefits are fill important. EPA stresses not only the carbon
monoxide reduction, but the dilutive effect of oxygenates on sulfur, benzene, butadiene, and exhaust
hydrocarbons emissons. Furthermore, any andysis of emissons reductions is skewed by the smal
proportion of high-polluting vehicles, where the benefit from oxygenated fuelsis greatest.
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4. Low-L evel Ethanol Blends

This chapter describes the gpproach used to quantify the value of ethanol used in low-level blends and
estimate an ethanol demand curve. Much of the materid presented here is taken from the Ethanol
Demand in United Sates Gasoline Production®* report and the reader is referred to this document
for more detail. The main tool used for the analysisis the Oak Ridge Nationd Laboratory Refinery
Yield Modd (ORNL-RYM). ORNL-RYM , adetailed linear-programming representation of regiona
petroleum refining, determines the minimum refinery cost for a given set of premises and condraints,
such as EPA vehicular emission requirements. Modd runs are used to derive an ethanol demand curve
by sysematicdly varying ethanol prices, while kegping other assumptions and condraints fixed.
ORNL-RYM is used to examine severd sengtivity casesincluding higher oil prices, varying prices for
MTBE, low sulfur gasoline requirements, higher RFG penetration, and higher dlowable ethanol
percentages.

Value of Ethanol in Low-L evel Blends

Ethanol has a higher octane rating than gasoline and its use can displace highly toxic and potentialy
carcinogenic octane enhancers such as benzene, toluene, and xylene. As an oxygenate, ethanol can be
used to meet EPA oxygen requirements for reducing carbon monoxide emissons. Ethanol competes
primarily with MTBE in thisarena. The use of ethanol o helps reduce some of the criteria pollutants
regulated by EPA. 1n optimized blending, ethanol can further displace costly components of gasoline.
On the down sde, low-leve ethanol blends have an increased Reid vapor pressure (RVP), which is
associated with increased evaporative emissons, and may cause adight rise in nitrous oxide emissons.

Volumetricaly, ethanol has only about two-thirds of the BTU content as gasoline, which means
approximately 1.5 gallons of ethanol have to be used to travel an equivalent distance as one gallon of
gasoline. Consequently refiners must produce a greater volume of ethanol blends to meet a gasoline-
equivaent energy demand. This requirement is most pronounced when ethanal is substituted for
conventional gasoline as a gasoline displacer. Since ethanol has about 81 percent of the energy
requirement of MTBE, the additional volume of fudl needed is less when ethanal is substituted for
MTBE on an equa volume basis. When ethanol is subgtituted for MTBE to achieve an equivaent
oxygen content, the BTU content of the ethanol and MTBE blends are about the same and thus the
volume of fud required is about the same, i.e,, there is no ethanol volume pendty.

The economic vaue of ethanol used in gasoline blends can be determined in severd ways. The
ORNL-RYM approach described below determines an optimized ethanol or ETBE blend. ETBE

1Hadder, G.R., Draft Ethanol Demand in Gasoline Production, ORNL-6926, Oak Ridge National
Laboratory, November 1998
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blending, like MTBE blending is done in the refinery, where complex mathematica optimization
programs are used to minimize refinery costs. Most ethanal is splash blended at terminals near retall
digtribution points, and at the present time, arefinery may or may not produce an optima subgrade
gasoline for ethanal blending. If the ethanal industry grows, competitive pressures will force refinersto
produce optimal subgrade gasolines. Thisis the gpproach taken in the ORNL-RYM andysis, whichis
intended to assess ethanol demand in a growing and robust industry.

If optimal subgrade gasolines are not used for blending, the value of ethanol can be determined from
market conditions by equating the profit from an ethanol blend with the profit from the type of gasoline
being displaced. The profit, of course, is the difference between the sdlling price of the gasoline and its
cost. In conventiond gasoline, ethanol isvaued primarily for its octane boost. Asan example, ethanol
may be blended with regular gasoline to produce amid-grade blend. The profit for mid-grade gasoline
isitssdling price lessitscost. The profit on a mid-grade ethanol blend isits saling price less the cost of
the regular gasoline portion less the ethanol handling charges less the price of ethanol. All prices,
except the price of ethanol, are known, and the price of ethanol can now be solved for. The sdling
price of the mid-grade straight gasoline may differ from the sdlling price of the mid-grade ethanol blend.
In theory, the price of the ethanol blend should be lower, since it has less BTUs than the pure gasoline
dternative. However, the difference is smal and consumersin generd may not be aware of the small
milage pendty and the market prices may not faithfully represent the BTU difference. The digtinction,
however, is not important when actua market prices have been established.

If ethanal is used in oxygenated gasoline or RFG, the ethanol blend must be compared with an MTBE
blend. Both oxygen content and octane boost are important here, but the methodology to evauate
ethanal is the same as described above. For summer RFG, RVP congtraints must be taken into
account and ethanol must be blended with alow-RV P subgrade gasoline. Because VOC redtrictions
are not limiting for winter gasoling, RVP condraints for ethanol blends are primarily a summertime
problem.

In the methodology described above, the value of the gasoline used in the ethanol blend iskey. If an
optima subgrade gasoline is used the vaue of ethanal is Smilar to the vaue obtained in the ORNL-
RYM andyss. If alessthan-optimal blending gasoline is used, the market ethanol value will be less.
Thereis asubtle technicdity here that can cause alittle confuson. The ORNL-RYM andysis
determines the minima cost of producing al types of gasolines, including ethanol blends, to meet
refinery gasoline target goas. In theory, it may be possible to produce a cheaper subgrade gasoline for
ethanal blending at the expense of other gasoline types. Such a solution would produce a higher overal
refinery cost and, for that reason, would not be defensible.

Current Ethanol Consumption

Almog dl fud ethanal currently used in the U.S. isin the form of gasohal, or gasoline blends of 10
percent ethanol or less. The Department of Trangportation (DOT) estimates the amount of ethanol
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used in gasohol from gasohol tax collections, refunds, and credits reported to the Interna Revenue
Service, U.S. Department of the Treasury. Blends of lessthan 10 percent, i.e. E7.7 and E5.5, are
chiefly used to meet the requirements for oxygenated fuel to reduce winter carbon monoxide. E10 may
be also used to meet the requirements for oxygenated fuel to reduce winter carbon monoxide. Table
14 summarizes consumption by PADD for 1996, the latest year for which data are available.

Table 14. Ethanol and Gasohol Consumption by PADD for 1996
(1000 gallons)

PADD Totd Ethanol Percent of E10 E7.7& E55
Tota Ethanol
1 (East) 192,884 17.87% 1,399,693 687,186
2 (Midwest) 621,748 57.59% 5,562,731 850,311
3 (Southwest) 41,058 3.80% 367,439 56,029
4 (Northwest) 73,719 6.83% 324,494 535,965
5 (West) 150,111 13.91% 166,855 2,174,760
Grand Total 1,079,520 100.00% 7,821,212 4,304,251

Source: Federal Highway Administration, "Monthly Motor Fuel Reported by States', February 1998

Most of the ethanol consumption isin the Midwest, where most of the ethanadl is produced and where
additiona state incentives exist. The second largest consumer region is the East, where much of the
ethanal is used to meet winter oxygenated fud requirements. Ethanol was used as an oxygenate in
Cdiforniaas of 1996, but as noted in Chapter 3, new oxygen restrictions adopted in Cdifornia have
virtudly diminated ethanol from the blend market. Consequently ethanol consumption for the Western
region will likely dedine in the near future.

The Oak Ridge National Laboratory Refinery Yield Model (ORNL-RYM)

ORNL-RYM isan enhanced persona computer version of the Refinery Yield Mode of the DOE
Refinery Evauation Modding Sysem. ORNL-RYM has been extensvely peer reviewed by refinery
industry experts, and many of the review recommendations have been incorporated into the moded!.
ORNL-RYM isalinear program that includes 50 refining processes, which fal within three generd
categories.

C Separdtion —e.g., crude oil is separated into fractions by didtillation

C Conversion — e.g., molecules are cracked, combined, rearranged
C Blending — separated and converted streams are mixed to make products that satisfy
numerous qudity specifications.

The refining processes in ORNL-RYM can be used to produce 40 different products from more than
100 crude ails. Ethanol can be used directly as a blendstock or indirectly as component of ETBE. A
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capita investment module provides for the addition of processing capacity. Modded gasolines satisfy
specifications for:

Octane

Reid vapor pressure (RVP)
Oxygen content

Sulfur

Benzene

Arométics

Totd olefins

Didtillation points

Pollutant emissons

DO OO OO

The mode blends gasolines to satisfy formula and pollutant emission standards mandated by the Clean
Air Act Amendments and described by the U.S. Environmenta Protection Agency (EPA) Complex
Modd, which predicts pollutant emissons in terms of gasoline properties. Chapter 3 presented the
gasoline specifications for both Federd and Cdifornia Phase 2 RFG and winter oxygenated fuel
requirements. Cdifornia RFG has stricter requirements than federal RFG and is modeled in separate
ORNL-RYM runs.

For andytica purposes dedling with regiond oil issues, the U.S. is broken down into Petroleum
Adminigration for Defense Didtricts (PADDs).  The PADDs are defined as.

PADD | - East Coast
PADD Il - Midwest

PADD Il - Gulf Coast
PADD IV - Rocky Mountains
PADD V - West Coast

Premises and Data Sources for ORNL-RYM Runs

For the ethanol demand study, ORNL-RY M represents production of gasoline and other refined
productsin the year 2010. The year 2010 was sdlected to coincide with the commerciaization goas
established for the DOE's cdlulosic ethanal evolution program. Datafor the ORNL-RYM andyses are
obtained from information published by DOE, the Nationa Petroleum Council, the Nationa Petroleum
Refiners Association, the Cdifornia Air Resources Board, and industry journds. Data on energy
markets, such as gasoline demand and average petroleum prices (Table 15) , are based on projections
published in EIA's Annua Energy Outlook (AEO)™. Because significant changes can occur in the

Bannual Ener gy Outlook 1996, DOE/EIA 0383(96), January 1997, U.S. Department of Energy(DOE) /
Energy Information Administration (EIA), Washington D.C.
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outlook for ail prices and the supply of refined products from year to year, sengtivity runs were made
to examine the impact of these changes on ethanol demand. Ethanol demand curvesin five-year
increments from 2000 to 2025 were derived by usng AEO economic parameters to extrapolate the
year 2010 demand curve.

Table15. AEO 1996 Oil Prices and Gasoline Demand

Reference Case Higher Ethanol Demand Case
World Oil Pricein 2010 $24.77 $34.08
(1996 dollars)
U.S. Motor Gasoline Demand 8.64 8.41
(MMBD)
U.S. Motor Gasoline Production 7.94 8.19
(MMBD)

Individua ORNL-RYM runs are made for summertime and wintertime conditions for PADDs, I1, 111,
and V (Cdiforniaonly) for the AEO reference projection. This covers about 90 percent of the U.S.
refinery capacity in the reference case analysis. Four gasoline types are modeed: conventiond gasoline
with ethanal, conventiond gasoline with ethers, RFG with ethanol, and RFG with ethers. The
properties of wintertime RFG are weighted to include winter oxygenated gasoline requirements for
carbon monoxide nonattainment areas. The percentage of RFG varies regionally, and thisis taken into
account in the ORNL-RYM andysis. Anannua demand curve for each PADD is derived by
combining the summer and winter demand curves. Findly, a demand curve for the entire U.S. is
derived by scaling the results up according to the nationa shares of different gasoline types. The
nationa RFG percentage of the gasoline poal is assumed to be 30 percent.  Sengtivity cases examine
the impact of different RFG percentages.

The ORNL-RYM andyss assumes that gasoline blending is optimized, with minimum giveaway of
gasoline qudity. Modded refineries can produce subgrade gasolines for shipment to blenders, who

add optima volumes of ethanal to produce finished gasoline. The ethanal price to the refinery is net of
any tax incentives. Ethanol handling and logigtics cogts in refining/blending are assumed to be $0.10 per
galon and are in addition to the price of ethanol to the refinery. For each ORNL-RYM run the refinery
seesadngle price for ethanol which is PADD and seasond specific. That isregiond vaiaionsin
ethanol prices due to transportation-specific costs and the broad array of state tax incentives is not
modded. Consumers are assumed to be indifferent to ethanol blends, neither seeking nor avoiding
these gasolines.

Use of Ethanal in Different Gasoline Types
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Depending on the type of gasoline, Clean Air Act and Cdlifornia RFG requirements present advantages
and disadvantages for ethanol blending. For example:

1. Phase 2 RFG for summer ozone nonattainment areas must contain oxygen and compared with
conventional gasoline is more costly to make. Both factors seem to present an opportunity for
ethanol. However, RFG must have reduced emissions of volatile organic compounds (VOC),
and satisfying VOC requirements with high-RV P ethanol blends can be difficult. Etherslike
ETBE and MTBE have the advantage lower RVP blending values. For ethanol, thereisacost
tradeoff of producing alower RV P subgrade gasoline to compensate for the RV P increase of
the ethanol blend versus the additiond processing costsfor ETBE. The ORNL-RYM andyss
determined that for summer RFG, ETBE blends were generdly less expendgve to produce than
ethanol blends.

2. Gasoline for winter carbon monoxide nonattainment areas must contain oxygen. Because thisis
awintertime gasoline, thereis no VOC requirement. As aresult, ethanol blends are not
disadvantaged by RV P requirements and are generdly less expensive to produce than ETBE
blends.

3. Conventiond gasolines must have no increase in pollutant emissions relative to a base year.
Compared to RFG, satisfying VOC specifications for conventiona gasoline is eesier, and
consequently higher RVP limits are dlowed for conventiona gasoline. In addition, voldility
problems are further mitigated by a 1 ps waiver for RVP in conventiond gasoline containing 10
percent ethanal.

To determine the impact of RFG percentages on ethanol demand, ORNL-RYM was used to examine
various RFG penetration scenarios. The analysis determined that ethanol penetration decreases as the
RFG share of the gasoline pool increases. For summer RFG, the higher cost of RFG compared with
gasoline was insufficient to compensate for the extra costs of producing ETBE. For agive ethanol price
level and volume of gasoline, the demand for ethanol in conventiona gasoline was greater than the
demand for ethanol/ETBE in RFG. Use of ETBE further dampens the maximum ethanol demand (i.e,
the demand at low ethanol prices) because ether blends are limited to 2.7 weight-percent oxygen
versus a 3.5 percent limit for ethanol blends. This corresponds to 7.7 percent versus 10 percent

ethanal content, by volume.

Winter RFG requirements can present an opportunity for ethanol, since ethanol blends are not
congrained by VOC limits. The ORNL-RYM analyss showed that ethanol blends were generaly
used in both RFG and conventiond gasoline in the winter season. The andysis concluded that because
of the oxygen requirements of RFG, more ethanol was used in the wintertime with higher RFG

percentages.
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Figure 2 Ethanol Demand Curve for U.S. Gasoline Production and Finishing in Year 2010
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Because RFG opt-in cannot be varied seasondly, thereis atrade off when considering higher RFG
percentages between the dampening effect on ethanol demand of summertime RFG and the amplifying
effect of wintertime RFG. When these two factors are combined, the ORNL-RYM andys's concluded
that ethanol demand is lower with a higher share of RFG in the gasoline poal.

Ethanol Demand

Figure 2 shows demand for ethanol as a function of price of ethanal to the refinery for both the
reference and higher ethanol demand conditions, which correspond to the reference-case and higher-
economic-growth AEO projections, respectively. Figure 3 displays ethanol demand curves for the
years 2000 to 2025 in five-year increments for the reference conditions. Ethanol demand for reference
conditionsin year 2010 is 2 billion gdlons per year (BGY) at arefiner price of $1.00 per galon (1996
dollars) and 9 BGY at arefiner price of $0.67 per gdlon. For higher ethanol demand conditions (eg.,
higher oil prices and gasoline demand) shown in Figure 2, ethanol demand is6.5 BGY at arefiner
price of $1.00 per galon, and 10 BGY at arefiner price of $0.77 per galon of ethanol. The refiner
price of ethanal is the highest price (after credit for subsidies) that an ethanol producer can command at
the refinery/blender gate, as determined by ethanol's value as an ether feedstock or by the refining values



of the gasoline blendstocks it displaces. Codts incurred by the refiner for ethanol blending and handling
are not included in the price the refiner pays for ethanol.
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Figure 3. Ethanol Demand Curvesfor U.S. Gasoline Production and Finishing in Y ears 2000 to 2025
- Reference Conditions
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The ethanol demand curves exhibit arange where the ethanol demand is dagtic followed by arange
where the demand isindagtic. For the reference conditions, the dividing point is9 BGY or $0.67 per
galon. Asthe price of ethanol drops from $1.10 to $0.67, ethanol displaces more expensive
components of gasoline and its use produces areduction in the overdl refinery cost of producing a
target BTU-product date. At an ethanol price of $0.67, most of the benefit from displacing more
expensive components has been achieved and the amount of ethanol used is abutting upon regulatory
limits. Consequently, thereislittle additiond refinery savings from using more ethanol.

For regions outside of Cdifornia, future summer ethanol demand is dominated by conventiona gasoline
because (1) limits on emissons of VOCs make summer RFG difficult to produce with oxygenates like
ethanal that produce high-RVP blends and (2) ethanol's attractiveness in conventional gasolineis
enhanced by the 1 ps RVP waiver for 10 percent ethanol blends. Ethanol demand isrelatively greater
in PADD Il (Midwest) and PADD 11 (Gulf Coast) because of their relatively large volume of
conventiond gasoline and smdl share of RFG production.

In Cdifornia, the RFG production shareis 87 percent of the gasoline pooal; thus, future summer ethanol
demand is dominated by ETBE and ethanol blended to RFG. Rdatively less ethanol isused in
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Figure4 Ethanol Demand Sengtivity to MTBE Price for PADD |11 Gasoline Production and Finishing
Y ear 2010 Summer - Higher Ethanol Demand
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conventiona gasoline because the RFG production share is very high. During the winter, thereisa
ggnificant increase in use of ethanal in RFG, as ethanol displaces lower-RVP ETBE.

MTBE and Ethanol Price Differences

Ethanol and MTBE, the two oxygenates most commonly used today, compete primarily on price.
Figure 4 shows how the volume of ethanol used varies according to the price difference between
MTBE and ethanol for PADD Il higher ethanol demand summer conditions. The RFG production
sharein PADD Il is 18 percent. When the MTBE costs 4 cents (1996 dollars) per gallon more than
ethanol, no ethanal is used and MTBE provides virtudly al oxygen requirements. When MTBE costs
19 per gdlon more than ethanol, ethanol usage is a amaximum. The demand for ethanal isvery dadtic
when the price difference between MTBE and ethanol isin the 17 to 19 cents per gdlon range; the
ethanol demand increases from 1.0 t0 4.5 BGY over this 2 cents per galon range.
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For comparison with the summer 1977 market conditions, the spot price difference between MTBE
and ethanol in PADD 11 ranged from 13 to 23 cents per gallon with an average difference of about 19
cents per gallon'S.

Gasoline Specification Changes

Changesin gasoline specifications could result in higher ethanol demand. Sengtivity cases suggest thet
ethanol demand could increase with specification changes for (lower) sulfur content, (higher) oxygen
content, (higher) VOC emissions, and (higher) octane number. Significant increases in ethanol demand
could occur for reduced sulfur gasoline and higher octane requirements. A VOC waiver for ethanol
used in RFG increases ethanol's attractiveness. Increasing the alowable oxygen limit in gasoline could
increase the demand for ethanol by up to 16 percent. Accounting for toxic air pollutants associated
with MTBE in EPA's Complex Mode has virtudly no effect on ethanol demand.

Sulfur Reduction in Gasoline

The Environmenta Protection Agency believes that reduction of sulfur in gasoline may be required to
enable use of advanced vehicle pollution control technologies. Summer ethanol demand was estimated
for PADD Il (Midwest), with production of 100 percent low sulfur gasoline (LSG) with a sulfur content
of 100 parts per million. ORNL-RYM shows that a requirement for LSG substantidly increases the
demand for ethanol over a significant refiner-price range of for ethanol. The ethanol demand increaseis
due, in part, to benefits of ethanal in sulfur reduction through dilution. In conventiona hydrocarbon
processing, thereisaloss of octane in the reduction of sulfur (through saturation of olefins), and the
ethanol demand increase is related to octane recovery. Ethanol demand should increase with aLSG
program — the ethanol demand increase will be grester with larger LSG program coverage and with
more stringent sulfur specifications,

Oxygen Content

While the maximum alowable oxygen content for gasoline is currently 3.5 weight percent for ethanol
blends (about 10 percent ethanol by volume), it has been reported that modern vehicles can perform
adequately with oxygen levels of up to 6 weight percent (about 17 percent ethanol by volume). To
evauate its sengtivity to the oxygen specification for gasoline, ethanol demand in PADD 11 (Midwest)
has been estimated in summer and winter cases with maximum alowable oxygen content of 6 weight
percent. With the revised oxygen specification, ethanol demand increases by as much as 16 percent.
Follow-up consderation of any gasoline quality change, including a change in the oxygen specification,
would rely on guidance of both automakers and refiners. Automakers have expressed concerns about
ethanal’ s potentia adverse effects on driveability and ar/fud contral.

16Oxy-FueIs News Price Report, Oxy-Fuel News, Val. X, No0.23, 1998, Hart/RI Fuel Information Services,
Arlington, VA
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Octane Number

The likeihood of an increase in gasoling's octane specification is uncertain, but nonethdess plausible.
For example, higher compression ratios may be needed to achieve higher efficiencies. At higher
compresson ratios, higher octane gasolines might be needed to inhibit preignition. With ablending
octane number that is substantialy higher than the gasoline pool specification, ethanol isavery
ggnificant source of octane numbers. There is a correspondingly significant increase in ethanol demand
when the octane specification for gasoline has been increased by 1 number.

Volatile Organic Compounds

Limitations on VOC emissions make summer RFG difficult to produce with high RV P oxygenates like
ethanal, and proponents of ethanol use in RFG have sought relief from the current VOC specification.
A sengtivity case study examined the impact of an ethanol-based RFG waiver which dlows a5 percent
increase in the specification for VOC emissions. Thiswalver decreases the VOC advantage of
MTBE-based RFG. Thereisan ethanol demand increase with the VOC waiver in PADD |1
(Midwest). However, thisincrease is muted by the fact that only 11 percent of gasoline produced in
PADD II gasolineis RFG. The nationwide effect of the waiver could be a sgnificant increase in ethanol
demand with an RFG production share of 30 percent - the national average. Asnoted in Chapter 3,
the Nationad Academy of Scienceisin the process of studying the impact of an RVP waiver for
ethanol-RFG blends on ozone formation and California recently released a report recommending
agang an RVP waiver.

Toxic Air Pollutants

The EPA Complex Mode for emissions of pollutants does not account for TAP emissions associated
with evaporative and exhaust emissons of MTBE. If TAP due to MTBE were taken into account,
ethanol could have an additiona advantage in blending. In a sensitivity case, the TAP specification for
ethanol-containing RFG has been increased by the benzene-equivadent toxicity due to MTBE, which is
accounted for in the EPA Complex Modd. However, the TAP correction has virtualy no effect on
ethanol demand in PADD I1(Midwest).
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5. Neat Fuels

The term neset fuel, as used in this document, gpplies to mixtures of gasoline and ethanal that contain at
least 85 percent ethanol by volume. In the United States, ethanol must contain aminimum 5 percent
denaturant by law, and E85 and E95 are the most commonly used blends. ES85 is currently the blend of
choicefor light-duty vehicdles, flex-fuded vehicles (FFV), while E95 is intended for use primarily in
heavy-duty vehicles, if the technology is successfully developed. E70, dthough not classfied as aneat
fud, is sometimes used in cold wesather to improve vehicle sartability. It isanticipated that if aneet fud
market does successtully evolve, E85 will be the predominant blend in the light duty vehicle market.
The term E85 is used here interchangeably with neat fud and the reader should interpret it as
encompassing dl neet ethanol fue mixtures.

Since ethanal is more vauable when usad in low-level gasoline blends than in nest fuds, the
development of a ggnificant neet ethanal fue market will likely evolve only after the blend market is
somewhat saturated. Low-level blends dso have the advantage that they can be used without
modifications to existing automobiles and can be dispensad through the normd retail gasoline
digribution system, while nest fuels require infrastructure changes.

For neet ethanol fudsto penetrate the market three things must happen: (1) the price of ES85 must be
competitive with gasoline on gasoline-gallon equivaent basis, (2) E85-capable cars must be available,
and (3) ardiable retall supply of E85 must be avalable. This section explores what the price of pure
ethanol (E100) must be for E85 to be competitive with gasoline. It does not address the question of
market penetration, which must consder the second and third items as well as ethanol production costs,
new technology adoption, and infrastructure improvement rates. The availability of E85-capable cars
and infrastructure barriers rdating to the distribution of ethanol fuels are briefly discussed in this section.
More detall is contained in Section 6. Some infrastructure barriers, primarily those related to bulk
storage and trangportation, apply to ethanol used in low-level blends and in neet fuels. Because
ethanol trangportation costs will depend on the distance between the end user and the ethanol
producing regions, ethanol market penetration will vary from region to region.

Competitive Price for Neat Fuels

Although ethanal has only about two-thirds as many BTUs as gasoline for an equa volume, it has a
higher combustion efficiency on aBTU bads. In arecent EPA test (Table 16), a 1998 Ford Taurus
FFV achieved a fuel economy using E85 equa to about 74 percent of that of gasoline, in miles per
gdlon. Adjudting for the 15 percent gasoline portion of the E85 fud, the pure ethanol fud economy is
about 70 percent of that of gasoline. Since the ratio of the BTU content of ethanol to gasolineis about
66.7 percent, the 70 percent fuel economy ratio represents aBTU efficiency increase of about 5
percent for ethanol, which isin agreement with theoretical engineering calculations. The EPA fud
economy data are summarized below.
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Table 16. 1998 Ford Taurus FFV EPA Fuel Economy M easurements

E85 MPG Gasoline MPG Ratio of E85 MPG to
gasoline MPG
City 14.8 19.8 74.75%
Highway 25.0 34.0 73.53%

Severd avenues are available to create a consumer demand for E85 and different strategies have to be
developed to gpped to the fleet and consumer market. Many fleets are under EPACT or CAAA
requirements to use dternative fuels. Here, ethanol competes with other dternative fuds on the basis of
cost and specid interest congderations. Fleet managers will consider both the cost of the fues and the
incrementa cogts of the dternative fud vehicle. Specid tax incentives may tilt the decisonto a
particular vehicle/fud combination. Fud availability will dso be important, and flexible fuded vehicles
may have an advantage over dedicated fudl vehiclesin some Stuations. Specid interest consderations
may play apivotd role in the choice of dternative fues. Some ethanol-producing states have enacted
legidation requiring state vehicles to use ethanol when available. Gas and dectric utilities will favor their
own fuels and may provide incentives for purchase of CNG or dectric vehicles.

The consumer market is influenced more by persona choice and marketing campaigns than the fleet
market. Asgasoline pricesin Americaare low, both historically and relative to many other countries,
fud cogts are not a primary congderation in many consumer vehicle choices, asis evidenced by the
risng popularity of sport utility vehicles. While some cars with high performance engines require
premium gasoline, many consumers purchase it because of a perceived performance benefit or in
response to successful product promotion.

Ethanol has a higher octane vaue than gasoline and when used in a high performance engine can ddliver
more power —afact long recognized by many race car drivers who often use alcohol fuelsfor their
extra performance boost. Properly marketed to the consumer segment, E85 could be promoted as an
dternative to premium gasoline, which has higtorically enjoyed an 18 to 20 cent price advantage over
regular gasoline. In the U.S,, premium gasolines comprise about 20 percent of dl gasoline sdes. Since
most premium gasolineis used in cars, the percentage is higher for persona vehicles.

A 1997 survey funded by the Governor's Ethanol Codlition looked how a much extra consumersin the
Midwest would be willing to pay for ethanol fudls because of their environmenta benefits, which were
characterized as reducing vehicle pollutants, and their higher octane levels. One-third of the
respondents said they would pay more than 10 cents per gdlon for afud with these features and one-
haf indicated they would pay 1 to 10 cents more per gdlon. The survey did not include questions
about the greenhouse gas benefits which would accrue from cdllulosic ethanol. The researchers
concluded that the messages that should be promoted at this time are environmenta benefits and engine
performance. They suggested that the messages of benefits to nationd energy security (ol
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displacement), benefits to the economy, and lower price would be less efficient until drivers had more
core product information about ethanal.

Should E85 compete with regular or premium gasoline? Since E85 is a high-octane fud, introducing it
to the generd public as a premium fuel would seem to have severd advantages. Firdt, the Governor's
Ethanol Codlition's survey suggested that fuel performance was important to consumers. Second,
vehides with high compression engines that require premium fuel are more suited to using ethanol
effidently.

Tables 17 through 20 display what the cost of ethanol should be to compete with gasoline. Separate
tables are provided to quantify the value of ethanol compared to premium and average or blend-
weighted gasolines. (EIA gasoline price projections are the average of the prices of regular, mid, and
premium grades, weighted by their relative consumption.) The following paragraphs explain how the
figures presented in the tables were derived.

Table17. Adjustmentsto AEO98 Retail Gasoline Price Forecasts to Get Wholesale Price of
" Average Gasoline"
(1996 cents per gallon)

Year 1996 2000 2005 2010 2015 2020
Motor Gasoline Price (EIA average) 122.5 121.2 124.7 126.0 126.6 126.8
Taxes 44.0 39.1 33.7 29.1 25.1 21.6
User Cost Without Taxes 78.5 82.1 90.9 97.0 101.5 105.1
Dealer Markup 9.0 9.0 9.0 9.0 9.0 9.0
Wholesale Price of Gasoline plus

Transportation Cost (P1) 69.8 73.1 81.9 88.0 92.5 96.1

Note: In EIA’s Annud Energy Outlook, the gasoline price is aweighted average of dl grades.
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(1996 cents per gallon)

Table 18. Ethanol Price Equivalence and Price Targets In Competition With Premium
Gasolineat 13 CentsMore Per Gallon Than “ Average Gasolinge”

Year 1996 2000 2005 2010 2015 2020
Wholesale Price P1 from above 69.8 73.1 81.9 88.0 92.5 96.1
Premium Price Differential 13.0 13.0 13.0 13.0 13.0 13.0
Wholesale Price of Premium Gasoline 82.8 86.1 94.9 101.0 105.5 109.1
E100 Cost Equal to 70% of Premium

Cost 58.0 60.3 66.5 70.7 73.8 76.4
[Tax Incentive in Constant Dollars 49.4 48.0 39.1 33.7 29.1 25.1
E100 Price Target Equal to E100 Cost

Plus Tax Incentive (Supply Price) 107.4 108.3 105.6 104.4 102.9 101.5
Price of E85 Without Incentive 61.7 64.2 70.7 75.2 78.6 81.3
Price of E85 Plus Incentive 103.7 105.0 104.0 103.9 103.3 102.6
Gasoline-Gallon Equivalent Prices

Price of E85 Without Incentive 82.8 86.1 94.9 101.0 105.5 109.1
Price of E85 Plus Incentive 139.2 140.9 139.5 139.4 138.7 137.8

Note: Wholesale gasoline price P1 is aweighted average of al grades and includes transportation cost.

Table 19. Ethanol Price Equivalence and Price Targets In Competition With Premium
Gasoline at 10 Cents More Per Gallon Than “ Average Gasoline”
(1996 cents per gallon)

Year 1996 2000 2005 2010 2015 2020
Wholesale Price of Gasoline (P1) 69.8 73.1 81.9 88.0 92.5 96.1
Premium Price Differential 10.0 10.0 10.0 10.0 10.0 10.0
Wholesale Price of Premium Gasoline 79.8 83.1] 91.9 98.0 102.5 106.1
E100 Cost Equal to 70% of Premium

Cost 55.9 58.2 64.4 68.6 71.7 74.3
Tax Incentive in Constant Dollars 49.4 48.0 39.1 33.7 29.1 25.1
E100 Price Target Equal to E100 Cost|

Plus Tax Incentive (Supply Price) 105.3 106.2 103.5 102.3 100.8 99.4
Price of E85 Without Incentive 59.5 61.9 68.5 73.0 76.4 79.1
Price of E85 Plus Incentive 101.5 102.7 101.7 101.6 101.1 100.4
Gasoline-Gallon Equivalent Prices

Price of E85 Without Incentive 79.8 83.1 91.9 98.0 102.5 106.1
Price of E85 Plus Incentive 136.2 137.9 136.5 136.4 135.7 134.8

Note: Wholesale gasoline price P1 is aweighted average of al grades and includes transportation cost.
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Table 20. Ethanol Price Equivalence and Price Targets In Competition With “ Average
Gasoline”
(1996 cents per gallon)

Year 1996 2000 2005 2010 2015 2020
Wholesale Price of Gasoline (P1) 69.8 73.1 81.9 88.0 92.5 96.1
E100 Cost Equal to 70% of Premium

Cost 48.9 51.2 57.4 61.6 64.7 67.3
[Tax Incentive in Constant Dollars 49.4 48.0 39.1 33.7 29.1 25.1
E100 Price Target equal to E100 Cost

Plus Tax Incentive (Supply Price) 98.3 99.2 96.5 95.3 93.8 92.4
Price of E85 Without Incentive 52.0 54.5 61.1 65.5 68.9 71.6
Price of E85 Plus Incentive 94.0 95.3 94.3 94.2 93.6 92.9
Gasoline-Gallon Equivalent Prices

Price of E85 Without Incentive 69.8 73.1 81.9 88.0 92.5 96.1
Price of E85 Plus Incentive 126.2 127.9 126.5 126.4 125.7 124.8

Note: Wholesale gasoline price P1 is aweighted average of al grades and includes transportation cost.

The gasoline projections are taken from the EIA AEO98 forecasts, which are expressed in 1996
dollars. EIA assumed the gasoline taxes do not changein nomina dollars throughout the forecast
period, and consequently they decrease in constant dollars (as aresult of inflation). The fud taxes were
backed out of the EIA projectionsto get the actua gas price trends, which were masked by the
decreasing cost of the fuel taxes in congtant dollars. Using the 1996 Annua Energy Review (AER),
motor fuel taxes were estimated at 44 cents per gallon, and then deflated by the 3 percent GDP inflator
used for the AEO forecast.

According to the AER, the difference between the wholesale and retail (without taxes) prices of
gasolineis about 12 cents. This agrees with various industry estimates of 9 cents per gallon for dedler
markup and 3 cents per gdlon for transportation. Since the Office of Fuels Development's estimates of
ethanol supply prices are wholesale prices plus transportation costs, the gasoline prices were adjusted
for the 9-cent dealer markup, but not for the 3-cent transportation costs

The AEO gasoline price projections are aweighted average of dl grades. The AER reports that, the
difference between premium and the blend-weighted gasolinesis about 10 cents per galon &t the
wholesale level and 13 cents per galon at theretal level. To bracket this range, two tables showing the
caculation of an equivaent price of ethanol compared with the price of premium gasoline are
presented. As noted above, the difference between premium and regular is higher, about 18 to 20
cents per gdlon a the retal level. This shows the willingness of consumers to pay more for certain
types of fuds.

After getting the wholesde price of gasoline plus transportation costs, the price of agalon of ethanol
(E200) is st to 70 percent of the gasoline cost to account for the difference in miles per galons. The
ethanol supply prices (including trangportation) needed for competitiveness with gasoline are
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determined by adding the vaue of the Federd tax incentives in condant dollars. The tax incentive is
assumed to be renewed a a nomina 51 cents per gallon in 2007. I the tax incentive is decreased, the
supply target prices shown in the tables will be less. The E100 cost is equd to 70 percent of the cost of
gasoline and provides alower bound for the ethanol supply price.

The tables dso display competitive E85 prices on a per galon and a gasoline-gallon equivaence basis,
with and without the tax incentive. The price of E85 is determined by a mixture of 85 percent ethanol
and 15 percent gasoline. In the premium-gasoline cases, the price of premium gasoline is used even
though using regular as a mixture may be sufficient due the higher octane rating of ethanol. Thisaddsa

penny or two per galon.

The tax incentive for neat fue comes primarily from theincome tax credit. As noted earlier, theincome
tax credit is limited by the taxpayers tax ligbility and is more difficult to administer than the excise tax
exemption. Consequently, some taxpayers may not be able to fully utilize the income tax credit and this
could be an impediment to E85 market penetration. Ancther important consderation is thet the tax
incentives are typicaly extended for periods of 10 years or less, which introduces uncertainty for
ethanal suppliers, epecidly during the last few years before the incentives expire,

Neither sate and other Federd incentives nor regiondly dependent ethanol transportation charges are
consdered here. These factors must be incorporated into supply cost estimates. Alternative vehicle
incentives are discussed below. They may be very important for buyers who look at total cost of
ownership, i.e,, cost of vehicle plus cost of fud.

It must be emphasized that the ethanol supply prices are the prices that make ethanol and gasoline
economicaly equivdent. They are one of severd factors that can be used to establish ethanol supply
cost targets. A much more detailed analysisis needed to determine whether E85 will penetrate the
marketplace.

E85-Capable Vehicles

The widespread availability of vehicles that can use neat ethanol fuelsis one prerequisite for negt fud to
penetrate the market. At the present time, dl the mgor U.S. automobile manufactures have introduced
flexible-fueed vehicles that can use either gasoline or E85. The manufactures are currently motivated
by the CAFE credits granted under AMFA. Theincrementd cost of an E85 FFV isadmost
inggnificant, eg., $165 for the Ford Taurus. The experiencein Brazil has shown that automobile
manufacturers can easlly gear up production of these vehicles to satisfy consumer demand.

Under EPACT, purchasers of dternative-fueled vehicles are entitled to a $2000 tax deduction. The
value of this deduction depends on the purchaser's margina tax bracket —for a 28 percent tax bracket,
it isworth $560, for a 35 percent tax bracket, it isworth $700. For these two tax brackets, the
purchaser would benefit by $395 or $535 by purchasing the FFV Ford Taurus. Assuming the
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purchaser drives the car for 78,000 miles (about 6 years at the nationa average of about 13,000 miles
per year), the purchaser would use 3,250 galons of gas, based on 24 miles per gdlon. The 24 miles
per gallon assumption is based on a 60 percent city and 40 percent highway driving pattern, using the
Taurus fud economy datigics givenin Table 16. The two tax deductions, after adjusting for FFV cost
differentid, are worth 12 or 16 cents per gdlon of gasoline, respectively, ignoring the additiona benefit
of the cost of money. If E85 were used instead of gasoline, the purchaser would use 4390 gallons of
E85 and the adjusted tax benefit would be worth 9 or 12 cents per gallon of E85.

Interestingly, the purchaser of the Taurus FFV can use ether gasoline or E85, and so a purchase of the
FFV over the conventiona Taurus would be beneficid in dl circumstances. (Not dl AFVs have aflex-
fue capability.) Thisis characteristic of the current dilemmathat FFV operators are not usng
dternative fuels, a Stuation exacerbated by fuel availability issues. However, the introduction of FFV's
into the vehicle fleet isafirst step to solving the chicken or the egg conundrum associated with
dternative fuds, i.e., which should come firg, the dternative-fud vehicles or the dternative fue?

For fleet managers, who are required to use dternative fudsin their vehicles, the EPACT tax
deductions are an important consderation is determining vehicle purchases. The vehicle incentives can
be used to offset the incremental cost of the aterndtive fud.

Refueling Facilities

A mgor infrastructure barrier for neat fud is the availability of neet fud refuding facilities. Refuding
gations will have to be outfitted with separate distribution and dispensing equipment. Currently, thereis
only ahandful of stations that dispense E85, most of which are concentrated in the Midwest near
ethanol production plants. Plansto increase the availability of E85 refueing sations in the Midwest
dates are on the drawing board. If asizable neat ethanol market does materidize, infrastructure
condderations will dictate thet it will evolve first in and around ethanol producing regions.

E85 Demand

This section presents a gasoline price equivaence for E85, but not a demand curve similar to the
demand curve developed by ORNL for low-level ethanol blends. EE isin the process of developing an
andytica capability to estimate potential E85 penetration as afunction of supply price plus tax
incentives. Thisisan evolutionary effort and the current crop of models do not sufficiently capture the
range of market effects needed to credibly model E85 penetration.

EIA performs independent analyses that are widely accepted by the public, and their E85 projectionsin
the AEO98 are summarized here. EIA projects E85 usage will increase by 20.5 percent per year
through 2020. The E85 usage in 1997 of 0.0012 quadrillion BTU is projected to increase to 0.0032,
0.0749, and 0.1332 quadrillion BTU in 2000, 2010, and 2010, respectively. EIA projects acohol-
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fueled vehicles will make up 10 percent of the dedicated AFVs and 26 percent of the flex-fud AFVs
(Table 21). (Note: .076 quad = 1 billion gallons of ethanal.)

Table21. EIA Projections of Ethanol used in E85

Y ear Quedrillion BTU | Billion gdlons
1997 0.0012 0.016
2000 0.0032 0.042
2010 0.0749 0.985
2020 0.1332 1.753

In the AEO andlysis, EIA assumed dl ethanol would be derived from corn and the cost structure would
remain Smilar to the current corn-ethanol cost structure. EIA aso assumed the ethanol tax incentive
would continue a the current nomind levd, i.e., a adecreasing rate in red dollars. If ethanol
production prices were to decrease, E85 production would be greater.
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6. Transportation Logisticsand Infrastructure Barriers

Some transportation logigtics and infrastructure barriers, primarily distribution and bulk storage, apply
to ethanol used as a blendstock or as aneat fud. Neat fuels require infrastructure additions for fuel
dispensing, especidly a theretall level and the avallability of vehicles that can use neat ethanol.

The mgor infrastructure issues are summarized below:

C Ethanol plants have to be located near feedstock sources.

C Ethanol costs for transporting ethanol are more expensive than for gasoline. Thus
ethanol plant proximity to the end user isimportant until an dternaive didribution
system, e.g., dedicated pipelines, is developed for ethanal.

C A network of accessible retall filling stations capable of dispensing neet ethanol must be
established.

C Vehicles that can use neat ethanol must be reedily available.

Proximity to Feedstock Supply

Bulk agricultura feedstock is expensive to trangport and consequently most ethanol production facilities
will be located near feedstock sources. The Midwest and some central and southern states are the
most promising locaes for bioenergy feedstocks. Agricultura wastesin states such as Cdifornia
provide additiond niche opportunities. ORNL is currently in the process of developing a detailed
geographic mapping of potential sites for callulosic ethanol feedstocks.

Transportation Restrictions

Because ethanol and ethanol blends absorb water, they cannot be shipped in existing pipelines unless
the pipdines are purged of water. Problems arising from water absorption are discussed below.
Another potentia problem isthat the strong solvent properties of ethanol can didodging of previoudy
precipitated depodts. The loosened sediment may remain undissolved in the fuel or may be dissolved
by the ethanol. In ether event, procedures must be adopted to address this possibility.

Consequently, most ethanal is transported by more costly land or barge conveyances to aterminus at
or near aretal didribution outlet, whereit is splash blended with gasoline. Dueto the rdatively high

YMarie E. Walsh, Robert L. Perlack, Anthony Turhollow, Daniel delaTorre Ugarte, Denny A. Becker,
Robin L. Graham, Stephen E. Slinsky, and Daryll E. Ray, "Evolution of the Fuel Ethanol Industry: Feedstock
Availability and Price", Draft Document, Oak Ridge National Laboratory, Oak Ridge, TN, October 26, 1998.
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ethanol trangportation costs, most ethanol usage occursin the Midwest, where the mgority of the
ethanol is produced. Both ETBE and MTBE have the advantage that they are refinery products and
can be blended with gasoline and transported through existing pipdines without causing water solubility
problems. However, the extra costs and the perceived cost risk to convert ethanol to ETBE currently
outweigh the savings in ethanal trangportation cods.

Water Solubility and Phase Separation

Ethanal isinfinitdly soluble with water; ethers like MTBE and ETBE have very low solubility, and
gasoline has virtudly no solubility. The water solubility characterigtics of these fuels have very
important consegquences concerning their use and the precautions that must be taken againgt water
contamination.

Phase separation of gasoline is the separation of gasoline into two parts or phases, a gasoline phase and
awater phase. Nonoxygenated gasoline can absorb only very small amounts of water before phase
Separation occurs.  Because water is denser than gasoline, the separated water condenses into a layer
beneath the gasoline. Gasolines containing ethers can absorb sightly more water than nonoxygenated
gasolines before phase separation occur. The water phase contains small amounts of the ether, but
because ethers are rdatively insoluble in water, dmost dl the ether remains in the gasoline phase.
Alcohol blends can contain a greater amount of water before phase separation occurs. For example, a
10 percent ethanol blend can absorb between 0.2 and 0.5 percent water, depending on the ambient
temperature and aromatic content, without phase separation. For ethanol blends, the separated water
phase can contain 60 to 70 percent of the ethanol in the origind blend. Additiona water intruson can
draw more ethanol from the gasoline phase into the water phase.

Aswater isfrequently found in gasoline pipdlines, the pipdines are equipped with periodic wels
containing drain plugs. Any water entering the pipeine sysem accumulaesin these welsand is easly
drained. Consequently, ethanol and ethanol blends cannot be shipped via pipeline if thereis any
possibility of water intrusion, which is characterigtic of the current operating environment for common
carrier pipdines. Asthe drain wells would contain a mixture of water and acohol, to would not be
possible to drain the water from the system without draining the acohol. Various solutions have been
proposed to remedy this problem, but none have been commercidized so far.

Water intrusion occurs in storage tanks due to non-watertight seals and covers and from condensation.
Any separated water will be drawn to the bottom of the tank where it can be drained. If the fuel inthe
tanks contains ethanol, the separated water would contain ethanol and therefore water tightnessis an
absolute requirement for tanks stored ethanol or ethanol blends.

Phase separation can cause severd problemsfor vehicle operability. The two problems most
commonly cited are potentia gas line freezing and driveability issues. For gasohal (blends up to10
percent ethanal), the separated water can lead to fud linefreezing.  Since the amount of water that can
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be absorbed by the gasohol decreases with temperature, a mixture that is saturated at above freezing
temperatures may separate at below freezing temperatures. Water condensation in the gas tank can
aso contribute to phase separation. It isinteresting to note that potentia gas line freezing can occur
with nonoxygenated gasolines for the same reasons. A common solution to this problem has been to
add smd| quantities of acohal to the fud tank to dry out the fuel system. This approach takes
advantage of the fact that a gasoline acohol mixture can hold a greaster amount of water before phase
Separation occurs.

Small amounts of water dissolved in gasoline or gasohol do not cause engine operability problems. If
phase separation occurs, the water or awater-acohol mixture could be drawn into the engine, and this
will cause operability problems. The probability of this happening is high, snce fue is drawn from the
bottom of the tank, which is where the water or water-alcohol mixture settles. No engine can operate
on water and engines designed to operate on gasoline or low-leved ethanol blends will operate poorly, if
at al, on ethanol-water blends. Engines designed to operate with neet ethanol can generaly tolerate
ethanol-water blends containing up to 5 percent water. However, water content may place additiona
stress on engine components and lead to premature degradation of some eements.

With advanced didtillation techniques and suitable handling and storage practicesin the U.S., water
intrusion in ethanol and ethanal blends has not been a problem. In Brazil, ethanal is not dehydrated to
the extent it isin the U.S. and can contain up to 5 percent water. This has not posed any problems for
their dcohol-fueled vehicles, which are designed to run on high content ethanol fuds.

State Restrictions on Transporting Subgrade Gasolines

Some dates, for example, Georgia places restrictions on the use of subgrade gasolines, which may
needed for splash blending with ethanol. While this does not prevent low-level ethanol blends form
being used in the Sate, it does make them less desirable since they must be blended &t the refinery or at
atermind outsde of the date.

Trangportation and Marketing Costs

A 1993 paper by Bechtold and Wilcox examined ethanol trangportation and infrastructure issues. The
andysis assumed that 8 billion galons of ethanol would be produced in 2010, with production centered
around five geographic regions. Ethanol consumption in blends, E85, and RFG was assumed to be 2.0,
4.4, and 1.6 hillion galons, respectively. The study looked at storage, transportation, and retail
digtribution issues. For alarge ethanol market penetration, the authors suggested dedicated ethanol
pipelines would be congtructed. They estimated the additional capital costs required for 8 billion
gdlons of ethanol per year a $2.26 to $2.94 hillion, with $1.53 hillion for transportation, $0.52 billion
for bulk storage, and $0.21 to $0.89 hillion for retail refueing stations. Most of the additiona capita
cogtsto retrofit refueing station would be incurred for E85.
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A large part of the trangportation capital costs estimated the in Bechtold and Wilcox paper was for
congtruction a dedicated ethanol pipeline congdruction. Some engineers have suggested that the
potentid exists for solving the problem of shipping gasohol via existing pipdines by introducing an
additive with a greater affinity than ethanol for absorbing water. (Water is sometimes purposely
introduced into gasoline pipelines as a means of controlling pipeline pressure.). If this gpproach proves
to be successful, it could provide significant costs savings for shipping ethanol.

The Bechtold and Wilcox paper concluded that ethanol transportation costs would be about 4 cents
per gallon compared to about 3 cents per gdlon for gasoline. Current ethanol transportation cogtsin
the Midwest arein that range. However, estimates of ethanol shipped to coastal states range up to 15
cents per gallon, based on truck trangport. The Bechtold and Wilcox estimates assumed significant
ethanal production in coagta states, which does not appear likely. Unless the pipeline problem is
solved, trangportation costs can be a mgor impediment to shipping ethanol long distances.

For comparison, an American Petroleum Ingtitute (API) research report estimated transportation and
marketing costs at 21 to 24 cents per gallon of ethanol for an expanded ethanol market'®. The report
did not explain how this estimate was derived.

The recently completed Cdifornia report examining dternatives to MTBE estimated ethanol
trangportation charges from the Midwest a 15 cents per gallon of ethanol, which would be transported
by rail or truck. The report estimated totd costs of trangporting ethanol from Brazil, including insurance
and port charges, at 23 cents per gallon. (Because the U.S. imposes a 54 cents per galon tariff on
imported ethanal, this option is not attractive, but is presented to illustrate the range of transportation
costs). For ethanol produced in California, trangportation costs are estimated at 5 cents per gallon of
ethanol®.

Marketing and Retail Costs

While blends are dispensed through the existing gasoline retail distribution system, nesat fuds will require
anew retall digtribution system be established, and this represents amgor infrastructure cost. For
blends, bulk storage terminals may require one large tank be dedicated to ethanol. The blends can be
dored in the existing gasoline sorage terminds. Some additiond ethanal receiving and handling
equipment may be needed. Nest fuds would require the addition of anumber of extra storage tanks.
In elther case, additiona storage capacity may have to be added or throughput increased to account for
the higher volume of fuel needed because of the lower volumetric energy content of ethanol. The

8T he Economics if Gasoline Ethanol Blends, Research Study #045, November 1988, American Petroleum
Institute

19Supply and Cost of Alternativesto MTBE in Gasoline, California Energy Commission, Staff Report,
October 1998, Publication No: P300-98-013
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Bechtold and Wilcox paper dso assumed that some ethanol trangport would be by pipdine. If so, this
would be amgor infrastructure cost. The authors concluded that the capita costs of anew
transgportation infrastructure were sgnificantly larger than the capital costs of additiona storage and
retall infrastructure cogts.

E85 Vehicles

The avallability of ethanol-capable cars was discussed above. The incremental cost of converting a
gasoline-only vehicle into aflex-fue vehicleis modest, and the CAFE credits available to the
manufactures more than compensate for the additiond costs. However, the CAFE credits are limited
for FFVs and the credits are set to expire in 2004. The flex-fueled vehicles are not optimized for
ethanol, but the results of arecent EPA certification for a 1998 mode year Ford Taurus FFV are
encouraging.  They showed a 9% increased fud efficiency in city and 7% in highway fud economy for
E85 compared to gasoline on a gasoline-gdlon equivdent basis. On aper gdlon basis, ESS fud
economy relative to gasoline is 74.7% for city and 73.5 percent for highway driving. EPA dso
determined that the fuel economy for gasoline used in the FFV was similar to the fuel economy of a
conventiona gasoline engine. These results arein contrast to test conducted by NREL for 1992 and
1993 mode year vehiclesthat showed athe fud economy for E85 and gasoline were Smilar on a
gasoline-gdlon equivadent basis. The 1998 results highlight the progress made by Ford in adapting the
Taurus engine to arange of gasoline and ethanal fuels.

An SAE paper® that looked at he potentia of ethanol fuels estimated that an E85 flex-fuded vehicle
could achieve a 6 percent increase in efficiency compared to gasoline, on aBTU basis. The authors
cameto this conclusion by examining the properties of ethanol that would produce a performance
boodt. Inlight of the Ford Taurus FFV fuel economy for E85, thistarget is clearly achievable and
maybe alittle low. The paper dso estimated that dedicated vehicles optimized for ethanol could
achieve afud efficiency increase of 13 percent for E85. The additiond increasein fud efficiency would
come primarily from the use of high compression engines. (Ethanol has a higher octane rating than
gaoline) Dedicated vehicles, however, would have little genera consumer apped until ethanol fuel
avallahility is sufficiently widespread and rdliable. For now, the expectation is that dedicated ethanal
vehicles would be used mainly by centrally-fueled vehicle fleet operators. The authors note, the
possibility of developing variable compression engines designed to accommodate a variety of fuds.
Such engines would provide the bendfit of higher efficiency when using ethanol without sacrificing the
flexibility of usng gasoline. Thiswould be an ided solution if the incremental costs were modest.

The additiond cogts to turn alight-duty vehicle into a flex-fuded vehicleis about $165 according to
informal discussions with automobile manufacturers. Because of the higher solvent properties of
ethanal, the materids used in the congruction of the fud tank and fud lines have to be upgraded, eg.,

2sinor, Jerry E.. and Bailey, Brent K., Current and Potential Future Performance of Ethanol Fuels, SAE
Technical Paper 939376, March 1-5, 1993, Society of Automotive Engineers, Warrendale, PA..
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replacing asted tank with astainless sted or possibly a plagtic tank with gainlesslines. The fud tank
capacity may aso be increased to accommodate the lower volumetric energy dendity of ethanol. Other
modifications include hardened vave seat inserts, higher volume fud flow injectors, increased capacity
evaporative canigers, specid ar/fud ratio cdibrations, and changes to the cylinder head configuration,
different and spark plugs. Ford has also added a sensor to the fue line to measure the acohal
concentration (FFV's can run from 0 to 85% acohol), which is used by an onboard computer to
cdibrate the amount of fud injected into the cylinders and adjust the spark timing. On the other hand,
Chryder has dected to rely on the oxygen sensors in the existing emissons control system to provide
feedback and adjust the air/fue ratio.

The availability of ethanol-capable cars and neat ethanol refuding stations is the classc chicken-and-
egg problem. The problem, however, isless acute for ethanol than for other aternative fuels due to the
fact that the incrementd cost of flex-fueded vehicdesisless than two hundred dollars. All mgor U.S.
automohbile manufacturers are producing and selling ethanol FFVs.

Oil companies Acceptance

Because ethanal is a blending agent not manufactured at the refinery — most ethanol used in low-leve
blends is splash blended a bulk terminas — some maor oil companies, especidly those with large ol
fiedd holdings, do not favor the use of ethanol for competitive reasons. Smdler, independent refiners
without sgnificant ail fidd investments have been more favorable to ethanol snceits higher octane rating
alows them to produce alower octane subgrade product, which provides a greater yield per barrd.
Consequently, there is an advantage to locating an ethanol plant in an area served by smdler refiners
that are ethanal friendly.

Ethanol blends require the dimination of water from the ddivery sysem, since ethanal, being apolar
molecule absorbs water. This restricts the marketing and distribution of ethanol blendsin caseswherea
company's exchange partners do not accept ethanol blends because of water content in their

digtribution systems.

ETBE is consgdered refinery friendly by oil companies, Snce, like MTBE, it isarefinery product and
adds to refinery profit margins.  In addition, ETBE can be shipped in existing gasoline pipeine without
any modifications. ETBE is aso more suitable for usein RFG than ethanol because of the lower vapor
pressure of ETBE blends. However, converson of ethanol to ETBE involves an additiona cogt.

Neat ethanol and some other dternative fuels may present a competitive thregt to oil companies.
Nationd and state mandates requiring the use of dternative fuels may force the oil companiesto rethink
their Srategies and develop plans to participate in the dternative fud's market. The automobile
manufactures have aready begun to embrace this gpproach as they view the trandtion to dternaive
cleen fuels asinevitable.
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Brazilian Experience

Facing high imported ail prices and a depressed sugar market in the mid 1970s, the Brazilian
government adopted an ambitious program to convert sugar cane into ethanol. The Brazilian
experience offers a unique view into market and other aspects of the large-scae introduction of an
dternative trangportation fuel, especialy with regard to overcoming infrastructure barriers. The
Brazilian government offered consumer incentives for ethanol-capable cars and provided assurances
that ethanol would be reasonably and competitively priced. Car manufacturers responded by making a
large number of ethanol-fueled vehicles available to the consumersin arather short period of time. The
first generation of ethanol vehicles had corrosion-related problems due to the fact that the long-term
solvent properties of ethanol were not well understood. Once these problems were solved and the
Brazilian people saw ethanol as a safe, reliable fudl, market penetration, driven by government support
programs was sizable. In essence, the Brazilian experience has provided an opportunity to work out
many of the new-technology bugs characterigtic of first-generation vehicles.

A GAO report?! on the Brazilian ethanol experience observed that a stable government commitment,
fudl prices competitive with gasoline, assurances of ardiable supply, and modest government vehicle
incentives were essentid ingredients for the Brazilian people to embrace ethanol fuels. The government
ingtituted amgjor advertising campaign to promote consumer acceptance of ethanol and offered
consumer incentives for purchasing ethanol and ethanol-capable vehicles. The government aso capped
the price of ethanol a 65 percent of the price of gasoline, but initidly held the price of ethanol to 40
percent of the price of gasoline.

By 1989, about 30 percent of the vehicles built in Brazil were designed to run exclusively on ethanol
fud, so reiable availability of ethanol a a competitive price was of paramount importance to the owners
of these vehicles. However, an ethanol shortage developed around 1990, and consumer confidencein
ethanol waned. The Brazilian government was forced to take action to stabilize the ethanol program
and assure supply reliability. Part of the problem was caused by the widespread use of dedicated
ethanol vehicles. Thisisin contrast to the U.S., where consumers will likely embrace flex-fueed, rather
than dedicated, ethanol vehicles, if aneat ethanol market evolves. Consequently, fud supply reiability
may be less of an issue in the United States. Nonetheless, the ethanol experience in Brazil highlights the
importance of consumer acceptance.

Ethanol usage in Brazil has declined form its pesk in the mid to late eighties for severd reasons. Fird,
the decrease in world oil prices reduced the pressure on the Brazilian government to subsidize
dternative fuds. Second, the world demand for, and hence the price of sugar increased. With high
sugar prices, the value of sugar canes when used to make sugar became greeter than its value when

2L lternative Fuels, experience in Brazil, Canada, and New Zealand in Using Alternative Motor Fuels,
Genera Accounting Office, GAO/RCED-92-119, MAY 1992
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used to make ethanol. Both of the Stuations had the effect of increasing the reative cost of the
government's subsdization programs.
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7. Greenhouse Gas Emissions

The prospect for globa warming from anthropogenic activities is a growing concern in the internationa
community. The Energy Information Adminigtration (EIA) reported that in 1996 about 35 percent of
the carbon dioxide emissons from energy use in the Unites States are attributable to the trangportation
sector. To reduce greenhouse gas (GHG) emissions from mobile sources, the U.S. Department of
Energy (DOE) has indtituted programs to promote the development and use of renewable biofuds.
Biofuels reduce the net carbon emissions to the atmosphere because the carbon dioxide released during
biofud combustion comes from carbon dioxide withdrawn from the ambient environment during the
growth stage of the feedstock plants. Cellulosic ethanol derived from bioenergy crops, wood wastes,
and agriculture resduesis one of the most promising biofue technologies on the horizon for reducing
GHGs, since the biomass-to-ethanol conversion processis makes extensive use of renewable energy.

Preliminary U.S. Plan for Addressing Climate Change

On October 22, 1997, President Clinton unveiled a preliminary proposa for addressing the climate
change problem. This proposal was released prior to the Kyoto conference and no updates have been
released since the conference. The proposal outlined three stages for meeting U.S. carbon reduction
gods. Thefirst stage isthe dlocation of R& D funding and tax incentives. The second stage cdlsfor a
review and evauation beginning in 2004 and establishing a market-based permit trading system for
carbon, and developing the details of the permit system similar in concept to the one used for acid rain
emissons. Thethird stage cdls for meeting binding carbon reduction targets by usng domestic and
internationa emissions trading programs.

Kyoto Conference

On December 10, 1997, the KY OTO conference attendees adopted the Protocol to the UN
Framework Convention on Climate Change (UNFCCC), which set forth an gpproach for mitigating the
prospect of globa warming. After considerable negotiation, the participating countries embraced the
concept of establishing country-specific goas for reducing anthropogenic carbon emisson from agiven
baseyear. The U.S. agreed to a 7 percent reduction by 2008, with further commitments for the period
2008-2012 to be established.

Various gaseous emissions contribute to globa warming and the process of deciding which gasesto
include in the protocol was contentious. All countries agreed on carbon dioxide, methane and nitrous
oxide, but some countries, including the U.S,, advocated the inclusion of the three ozone-depleting
gases CFCs-HFCs, PFCsand SF6. Thefina accord included all six gases, but assigned a base year
of 1990 to the first set of three gases and a base year of 1995 to the second set of three gases. In
addition, the fina protocol alowed for the inclusion of carbon sinks, such as reforestation.
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The United States has not yet formulated afind strategy for meeting the carbon reduction target
adopted the Kyoto conference. The U.S. is consdering various strategies including increasing the
number of R&D programs, enacting tax incentives, imposing a carbon tax, establishing a market-based
mechanism for trading carbon emission rights, and setting up a system for emissions reduction credits,
Rules and guiddines for the emissions reduction credits have not yet been established by the
international community and severd proposdas are being consdered. The Joint Implementation
proposal, advocated by the U.S., encompasses a partnership between a devel oped nation and
developing host country for projects that reduce carbon emissions, such as renewable energy power
plants, retrofits of exigting plant and equipment, and forest management projects. The contributing
developed country would obtain carbon reduction credits for contributing know-how, technology,
and/or capitd.

GHG Benefits of Cellulosic Ethanol

Cdlulogic ethanol could play an important role in meeting U.S. carbon reduction gods. Because
biomass ethanoal is arenewable fud, the carbon released during combustion comes from the carbon
withdrawn from the biosphere during feedstock growth. Consequently, vehicular combustion of
biofuels produces zero net carbon dioxide emissions. To properly account for carbon emissions
associated with aparticular fuel, however, the full fuel cycle must be considered. For biomass ethanol,
this includes feedstock production, ethanol conversion, and feedstock and ethanol transportation. In
addition, the ethanol conversion process produces other products besides ethanol, and the GHG
emissions associated with the co-products have to be accounted for. Cellulosic ethanol produces
electricity as a co-product, while corn ethanol produces various farm feed products (both dry and wet
milling) and corn syrups and sweeteners (wet milling).

The treatment of GHG emissions associated with ethanol co-products has evolved over time. Both
Deucchi and Wang, who have devel oped the two most widely accepted models for estimating GHG
emissons from trangportation fuels, currently favor the product displacement gpproach. In this
approach, al GHG emissions associated with the combined ethanol / co-product production process
arefirg dlocated to ethanol and then adjusted for the GHG emissions associated with the market
products displaced by the co-products. For cellulosic ethanol, the co-product is dectricity. The
excess eectricity generated at the ethanol production plant and sold to outside users displaces
electricity that power plants would produce for use by the various entities outside of the plant. Other
techniques have also been used to distribute GHG emissions between ethanol and the co-products,
such as dlocating the GHG emissions of a shared process according to the process energy used to
produce the ethanol versus the co-products.

A mgor difference between cellulosic and corn ethanol conversion processes isthat the process power
for acdlulosc ethanol plant is derived primarily from the biomass (the lignin in the feedstock), wheress
the process power for corn ethanol comes primarily from fossl energy. In addition, cdlulosic plants

produce excess renewable eectricity, which displaces foss|-generated dectricity. Assuch, most of the
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energy requirements associated with cellulosic ethanol are derived from renewable sources, and net
carbon dioxide releases are practically zero.

Recent estimates by Michad Wang show the use of cellulosic ethanol reduces GHG emissons by 80 to
100 percent compared with RFG, on an equa energy basis. Most of the variance is accounted for by
the choice of cellulosic feedstock. Wang aso estimates that the use of corn ethanol reduces GHG
emissions by 15 to 25 percent compared with RFG. The variance is accounted for by assumptions
concerning farm efficiencies, process energy use, and treatment of co-product credits. Among the
trangportation fuds, cellulosic ethanol provides the grestest GHG benefit, except for methane from
landfill gases. However most methane comes from naturd gas and the amount from landfillsis limited.

Market Related Aspects of GHG Benefits of Cellulosic Ethanol

At the current time, GHG benefits from cdllulosic ethanol are gtrictly an externdity. Neither the ethanadl
producer nor the ethanol user faces any economic or regulatory incentives related to GHG emissions.
However, GHG benefits do influence government policy and funding decisons, such as dlocation of
R& D funds to improve renewable ethanol production technology and reduce costs. They may aso
play arolein determining ethanol and dternative vehicle tax incentives.

DOE has sponsored an number of studies to examine potentia gpproaches for meeting carbon
emission goas in the transportation sector. The studies considered various aterndtives, such as
enacting tax incentives, imposing carbon taxes, and establishing prescribed carbon reease limits through
aregulatory mechanism. Since the GHG benefits of ethanol are greater than those of other dternative
fuels, the imposition of carbon-related taxes or tax incentives is more favorable to ethanol. However,
price and infragtructure developments will eventudly determine the extent of ethanol penetrtion in the
marketplace.

Severd DOE studies|ooked specificdly at the impact of imposing aggregate GHG emisson limitson
the transportation sector. Ethanol was the favored dternative fud in these sudies and the market
penetration was Sizable. The reason for this, as noted above, is that cellulosic ethanol offers the most
GHG reduction of dl dternative transportation fuels. The studies did not discuss how mandatory
carbon emission reductions in the trangportation sector would be implemented, and thisisa severe
shortcoming of these studies.

Severd possibilities exist here. In the case of low-blend fuels, ethanal is used as afud extender or asa
competitor to MTBE. The refinery decision of whether or not to use ethanal is primarily economic —
refineries chose the least cost mix of fue components that will satisfy regulatory requirements. Adding a
GHG-related requirement, e.g., as regulatory prescription Smilar to the way emisson sandards for
criteria pollutants are imposed, is one dternative. Another aterndive isto establish a market for buying
and sdling GHG emisson rights, amilar to the way emissons rights are traded for certain pollutantsin
the electricity generation sector.
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The neat fud market presentsits own set of chalenges. One posshility isto require the sdle of a
gpecific number low GHG-emissions vehicles, smilar to Cdifornias requirements for low emisson
vehicles (LEV) and zero emission vehicles (ZEV). However, consumer vehicles that use neat ethanol
will most likely be flex-fueed vehicles that can operate on ether gasoline or ethanol. Consequently,
requiring the vehicle mix to contain so many ethanol-cagpable low-GHG emissons vehicles only getsyou
half way there, snce consumers choose which fuelsto use. On the positive Sde, the incrementa cost of
an ethanol flex-fuded vehideisrdatively smdl, less than two hundred dollars. If neat ethanol were
available without a Sgnificant cost premium, consumers would likely useit, especidly if an educationd
campaign successtully pointed out the environmenta benefit. Studies have shown that consumers will
pay dightly more for fuels that have a perceived environmental or nationa security benefit.

Controlling the choice of fud for vehicle fleetsis of course possible, and opportunities exist in this area.
As noted in the discussion on EPACT and CAAA fleet requirements, ethanol competes with other
dternative fuels. If the government decided to favor ethanol due to its GHG benefits, the government
could enact legidation that would encourage the use of ethanol.

Implementing a GHG emissons credit program in the blend market appears feasible since the refineries
control the blend mix. Implementing a GHG emissions credit program in the neat fuel market moreis
more complex, Snce the neat market is expected to be served by AFV's, and the choice of fuel isat the
consumer level.  Any GHG emissions trading program would by necessity have to incorporate a
method of measuring emissions, which is not practica for the consumer negt-ethanol market. However,
with sufficient record keeping, GHG emissions monitoring, based on fuel usage, could easly be done
for vehiclefleets. This could give fleet operators an additiond incentive to use ethanal.

The current crop of carbon reduction studies are scoping in nature and do not adequately consider
important factors such as technology introduction rates and infrastructure barriers. Despite these
shortcomings, the studies do point out that cellulosic ethanol could be an important part of our portfolio
of technologica solutions for reducing our carbon emissons.

The U.S. favors the implementation of a program for emissons reduction credits, in which developed
nations participate with developing host nations on projects that reduce GHG emissions. Cdlulosic
ethanol can provide tremendous opportunitiesin thisarea. For resource-poor countries, cellulosic
ethanol projects can reduce a developing country's dependence on imported oil and provide domestic
economic growth.  The partner country can regp the benefit of the GHG emissions credits. The
opportunity for ethanol production in some developing countries may be even greater thanin the U.S.
since gasoline prices in many devel oping countries are much higher.

Estimate of Carbon Reduction for Cellulosic Ethanol

A recent andysis by Argonne Nationd Laboratory concluded that the reductionsin GHG emissions for
cdlulosic ethanal relative to gasoline ranged from about 92 percent for herbaceous biomass to 120
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percent for woody biomass*2. The study assumed conditions gpplicable to around 2010. The GHG
benefits from ethanol were approximately the same whether the ethanol was used in gasohal (E10) or
asanest fue (E85 and E95).

Asarough estimate, ethanol reduces vehicular carbon emissions compared with the gasoline (on an
energy equivalent basis) at the rate of 1.6 tonnes of carbon for each 1000 gallons of ethanol. Various
studies have suggested thet the value of aton of carbon avoided is approximately $55. Thistrandates
into a GHG benefit of about 9 cents per gdlon of ethanal.

2Michael Wang, Chris Saricks, Dan Santini, Fuel Cycle Energy and Greenhouse Gas Emission Effects of
Ethanol, Argonne National Laboratory, September 4, 1998
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